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“Single-chip 8-bit Microcontrollers” 
Available on request — 
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DATA HANDBOOK SYSTEM 


Our Data Handbook System comprises more than 60 books with specifications on electronic compo- 
nents, subassemblies and materials. It is made up of four series of handbooks: 


ELECTRON TUBES BLUE 
SEMICONDUCTORS RED 
INTEGRATED CIRCUITS PURPLE 
COMPONENTS AND MATERIALS | GREEN 


The contents of each series are listed on pages iv to vii. 


The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 


When ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application information is given it is advisory and does not 
form part of the product specification. 


Condensed data on the preferred products of Philips Electronic Components and Materials Division is 
given in our Preferred Type Range catalogue (issued annually). 


Information on current Data Handbooks and on how to obtain a subscription for future issues is 
available from any of the Organizations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. 
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ELECTRON TUBES (BLUE SERIES) 


The blue series of data handbooks comprises: 


T1 Tubes for r.f. heating 
T2a Transmitting tubes for communications, glass types 
T2b Transmitting tubes for communications, ceramic types 
T3 Klystrons 
T4 Magnetrons for microwave heating 
T5 Cathode-ray tubes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 
T6 Geiger-Miiller tubes 
T8 Colour display systems 
Colour TV picture tubes, colour data graphic display tube assemblies, deflection units 
T9 Photo and electron multipliers 
T10 Plumbicon camera tubes and accessories 
T11 Microwave semiconductors and components 
T12 Vidicon and Newvicon camera tubes 
T13 Image intensifiers and infrared detectors 


T15 Dry reed switches 


T16 Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 
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SEMICONDUCTORS (RED SERIES) 


The red series of data handbooks comprises: 
$1 Diodes 
Small-signal silicon diodes, voltage regulator diodes (< 1,5 W), voltage reference diodes, 
tuner diodes, rectifier diodes 
S2a_—_ Power diodes 
S2b _—s— Thyristors and triacs 
S3 . Small-signal transistors 
S4a Low-frequency power transistors and hybrid modules 
S4b _— High-voltage and switching power transistors 
S5 Field-effect transistors 
S6 R.F. power transistors and modules 
S7 Surface mounted semiconductors 
S8a Light-emitting diodes 
S8b _— Devices for optoelectronics 
Optocouplers, photosensitive diodes and transistors, infrared light-emitting diodes and 
_ infrared sensitive devices, laser and fibre-optic components 
Sg Power MOS transistors 
S10 Wideband transistors and wideband hybrid IC modules 
S11 Microwave transistors 
S12 Surface acoustic wave devices 
$13 Semiconductor sensors 


*$14 ~— Liquid Crystal Displays 


*To be issued shortly. 
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vi 


INTEGRATED. CIRCUITS (PURPLE SERIES) 


The NEW SERIES of handbooks is now completed. With effect from the publication date of this 


handbook the “’N” in the handbook code number will be deleted. 
Handbooks to be replaced during 1986 are shown below. 


The purple series of handbooks comprises: 


ICO1 


1C02a/b 


ICO3 


ICO4 


ICOSN 


ICO6N 


iCO08 


ICOON 
1C10 


IC11N 


Supplement 
to IC11N 


IC12 
IC13 


IC14 


1C15 


IC16 
1C17 
IC18 
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Radio, audio and associated systems 
Bipolar, MOS 


Video and associated systems 
Bipolar, MOS 


Integrated circuits for telephony 
Bipolar, MOS 


HE4000B logic family 
CMOS 


HE4000B logic family — uncased ICs 
CMOS 


High-speed CMOS: PC74HC/HCT/HCU 
Logic family 


ECL 10K and 100K logic families 


TTL logic series 


Memories 
MOS, TTL, ECL 


Linear LSI 
Linear LSI 


I1?C-bus compatible ICs 


Semi-custom : 
Programmable Logic Devices (PLD 


Microcontrollers and peripherals 
Bipolar, MOS 


FAST TTL logic series 


CMOS integrated circuits for clocks and watches 


Integrated Services Digital Networks (ISDN) 


Microprocessors and peripherals 


new issue 1986 
ICO1N 1985 


new issue 1986 
ICO2Na/b 1985 


new issue 1986 
ICO3N 1985 


new issue 1986 
IC4 1983 


published 1984 
published 1986 


New issue 1986 
ICO8N 1984 


published 1986 


new issue 1986 
IC7 1982 


published 1985 
published 1986 


not yet issued 


.. New issue 1986 


IC13N 1985 
published 1986 
new issue 1986 
IC15N 1985 
first issue 1986 


not yet issued 


new issue 1986 


COMPONENTS AND MATERIALS (GREEN SERIES) 


The green series of data handbooks comprises: 


C2 
C3 
C4 
C5 
C6 
C7 
C8 
c9 
C11 


C12 
C13 
C14 
C15 
C16 
C17 
C18 
C19 
C20 


C22 


Television tuners, coaxial aerial input assemblies, surface acoustic wave filters 
Loudspeakers 

Ferroxcube potcores, square cores and cross cores 

Ferroxcube for power, audio/video and accelerators 

Synchronous motors and gearboxes 

Variable capacitors 

Variable mains transformers 

Piezoelectric quartz devices 


Varistors, thermistors and sensors 


Potentiometers, encoders and switches 
Fixed resistors 

Electrolytic and solid capacitors 

Ceramic capacitors 

Permanent magnet materials 

Stepping motors and associated electronics 
Direct current motors 

Piezoelectric ceramics | 


Wire-wound components for TVs and monitors 


Film capacitors 
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SELECTION GUIDE 


FUNCTIONAL 
INDEX 


FUNCTIONAL INDEX 


type number description page 


SINGLE-CHIP 8-BIT MICROCONTROLLERS 


NMOS 
MAB8035HLP; HLWP 64 ~ ROM-less version of MAB8048H 97 
MAF8035HLP 64 — ROM-less version of MAB8048H; 

extended temperature 97 
MAF80A35HLP 64 _ ROM-less version of MAB8048H; automotive 

temperature; reduced frequency 97 
MAB8048HP; HWP 64 1K 97 
MAF8048HP 64 1K like MAB8048H; extended temperature 97 
MAF80A48HP 64 1K like MAB8048H; automotive temperature; 

reduced frequency 97 
MAB8411P; T 64 1K plus 8-bit LED driver 123 
MAF8411P 64 1K plus 8-bit LED driver; extended temperature 123 
MAF84A11P 64 1K plus 8-bit LED driver; automotive 

temperature; reduced frequency 123 
MAB8421P; T 64 2K plus 8-bit LED driver 123 
MAF8421P 64 2K plus 8-bit LED driver; extended temperature 123 
MAF84A21P 64 2K plus 8-bit LED driver; automotive 

temperature; reduced frequency 123 
MAB8422P 64 2K plus 8-bit LED driver 155 
MAF8422P 64 2K plus 8-bit LED driver; extended temperature 155 
MAF84A22P 64 2K plus 8-bit LED driver; automotive 

temperature; reduced frequency 155 
MAB8031AHP; AHWP 128 — ROM-less version of MAB8051AH 31 
MAF8031AHP; AHWP 128 — ROM-less version of MAB8051AH; 

extended temperature 31 
MAF80A31AHP; AHWP 128 _ ROM-less version of MAB8051AH; automotive 

temperature; reduced frequency 31 
MAB8039HLP; HLWP 128 — ROM-less version of MAB8049H 97 
MAF8039HLP 128 — ROM-less version of MAB8049H; 

extended temperature 97 
MAF80A39HLP 128 — ROM-less version of MAB80A49H; automotive 

temperature; reduced frequency : 97 
MAB8401B; WP 128 — bond-out version for MAB84X1 

family plus 8-bit LED-driver 123 


Operating temperature range: 0 to 70 °C. 

Extended temperature range: —40 to + 85 9C. 

Automotive temperature range: —40 to + 110 °C; 
except MAF80A31/51AH only —40 to + 100 °C. 
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FUNCTIONAL 
INDEX 


type number 


SINGLE-CHIP 8-BIT MICROCONTROLLERS (continued) 


NMOS (continued) 


MAB8049HP; HWP 
MAF 8049HP 
MAF80A49HP 


MAB8051AHP; AHWP 
MAF8051AHP; AHWP 
MAF80A51AHP; AHWP 


MAB8441P; T 
MAF8441P 
MAF84A41P 


MAB8442P 
MAF 8442P 
MAF 84A42P 


MAB8461P; T 
MAF8461P 
MAF84A61P 


MAB8032AHP; AHWP 


MAB8040HLP; HLWP 
MAF8040HLP 


MAF80A40HLP 


MAB8050HP; HWP 
MAF 8050HP 
MAF80A50HP 


MAB8052AHP 


Operating temperature range: O to 70 °C. 
Extended temperature range: —40 to + 85 °C. 


like MAB8049H; extended temperature 
like MAB8049H; automotive temperature; 
reduced frequency 


mask-programmable ROM 

like MAB8051AH; extended temperature 

like MAB8051AH; aotomotive temperature; 
reduced frequency 

plus 8-bit LED driver 

plus 8-bit LED driver; extended temperature 

plus 8-bit LED driver; automotive 
temperature; reduced frequency 


plus 8-bit LED driver 


plus 8-bit LED driver; extended temperature 


plus 8-bit LED driver; automotive 
temperature; reduced frequency 


plus 8-bit LED driver 

plus 8-bit LED driver; extended temperature 

plus 8-bit LED driver; automotive 
temperature; reduced frequency 


ROM-less version of MAB8052AH 


ROM-less version of MAB8050H 
ROM-less version of MAB8050H; 
extended temperature 


ROM-less version of MAB8050H; automotive 


temperature; reduced frequency 


like MAB8050H; extended temperature 
like MAB8050H; automotive temperature; 
reduced frequency 


mask-programmable ROM 


Automotive temperature range: —40 to + 110 OC 
except MAF80A31/51AH only —40 to + 100 °C. 
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page 


97 
97 


97 
31 


31 


31 
123 
123 


123 


155 
155 


155 


123 
123 


123 
65 
97 


97 


97 


97 


97 
65 


FUNCTIONAL 
INDEX 


type number description page 


SINGLE-CHIP 8-BIT MICROCONTROLLERS 


CMOS 
PCF84C12P; T 395 
PCF84C21P; T plus 8-bit LED driver; extended temperature 423 
PCB85C51B software development version of PCB80C51 319 
PCB80C31BHP; BHWP ROM-less version of PCB80C51 175 
PCF80C31BHP; BHWP ROM-less version of PCB80C51 175 
PCBC39P; WP ROM-less version of PCB80C49 203 
PCF80C39P ROM.-less version of PCF80C49; 

extended temperature 203 
PCB80C49P; WP 203 
PCF80C49P like PCB80C49; extended temperature 203 
PCB80C51BHP; BHWP mask-programmable ROM 175 
PCF80C51BHP; BHWP mask-programmable ROM 175 
PCF84C41P; T plus 8-bit LED driver; extended temperature 423 
PCD3315CP; T telephony microcontroller 351 
PCD3343D; P; T telephony microcontroller 355 
PCB80C552WP ROM-less version of PCB83C552 233 
PCB80C652WP ROM-less version of PCB83C652 281 
PCF84COOB; T bond-out version of PCF84CXX family 423 
PCB83C552WP PCB80C51 plus additional functions 233 
PCB83C652WP PCB80C51 plus additional functions 281 
PCF84C81P; T plus 8-bit LED driver; extended temperature 423 
PCF84C85P; T 32 1/O; extended temperature 471 


Operating temperature range: 0 to 70 °C. 
Extended temperature range: —40 to + 85 9C. 
Automotive temperature range: —40 to + 110 °C. 
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FUNCTIONAL 
INDEX 


type number 


description 


8-BIT MICROCONTROLLERS (bipolar) 


8X300 
8X305 
8X310 
8X320 


8X330 
8X350 


8X353 
8X355 


8X360 


8X371 
8X372 
8X374 
8X376 
8X382 


8X401 
8X450 
8X470 
8T31 
8132 


8T36 


Product support 


Product support 
8X300KT1SK 


8X305 


8X300/8X305 


— 8X330 


Software support 


8X300AS1SS MCCAP 
8X300AS2SS MCCAP 


Special purpose circuits 


8XO1A 
8X02A 
9401 
9403 
8X41 


8X60 
2960 
2964B 
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microcontroller; 250 ns cycle time 

microcontroller; 200 ns cycle time 

interrupt control coprocessor 

bus interface register array; 2-port RAM for 8/16-bit 
interface between a host and peripheral processor 

floppy disk formatter/controller 


2048-bit bipolar RAM (256 x 8); high-speed memory 
with bus interface 
bipolar RAM (32 x 8); high-speed memory with bus interface 
LIFO stack memory (32 x 8); high-speed LIFO stack 
with bus interface 
memory address director 


latched bidirectional !/O ports 

addressable/bidirectional |/O ports; synchronous 
addressable/bidirectional !/O ports; synchronous with parity 
addressable/bidirectional I/O ports; asynchronous 
4-input/4-output Addressable !/O ports 


microcontroller 

RAM (256 byte) 

1/O port 

8-bit latched bidirectional !/O ports; synchronous 

8-bit latched addressable bidirectional |/O ports; synchronous 


8-bit latched addressable bidirectional |/O ports; asynchronous 


8X300 family 

8X305 Prototyping System 

ICEPACK 

development data I/O port programmer 
ECC application note 


cross assembler program 
cross assembler 


CRC generator/checker; Synchronous Data Link Control (SDLC) 
control store sequencer 

CRC generator/checker 

64-bit FIFO buffer memory (16 x 4) 

autodirectional bus transceiver 


FIFO RAM Controller (FRC) 


Error Detection and Correction (EDC) Unit 
dynamic memory controller 


page 


515 
535 
557 


569 
577 


593 
597 


605 
613 


615 


623 


633 
623 
643 


653 
673 
681 
695 
699 


699 


709 
711 
731 
733 
735 


765 
766 


769 
775 
769 
843 
783 


789 


7197 


831 


FUNCTIONAL 
INDEX 


type number — description page 


DIGITAL SIGNAL PROCESSOR (DSP) 


PCB5010 digital signal processor with on-chip ROM 855 
PCB5011 ROM-less version of PCB5010 855 


VIDEO DISPLAY 


SAA5350 colour CRT controller (EUROM); CEPT standard 905 
SCN2670 Display Character and Graphics Generator (DCGG) 933 
SCN2671 Programmable keyboard & Comm Controller (PKCC) 949 
App Note 401 using the 2670/71/72/73 CRT terminal chip set 971 
App Note 403 2670/71/72/73 CRT set application briefs 987 
TEA2000 PAL/NTSC colour encoder 995 


SPEECH/SOUND SYNTHESIZERS 


MEA8000 voice synthesizer 1005 
PCF8200 voice synthesizer (CMOS) 1029 
OM8200 speech demonstration board (for PCF8200) 1019 
OM8201 speech demonstration box (for OM8200) 1023 
OM8210 speech analysis/editing system (for PCF 8200) 1025 
SAA 1099 stereo sound generator for sound effects and music 

synthesis (uC controlled) 1043 


1?C-BUS PERIPHERALS 


PCB8582P 256 x 8 EEPROM 1061 
PCF8566P; T universal LCD driver for low multiplex rates 

(1:1 to 1:4); max. 96 segments 1069 
PCF8570P; T 256 x 8 static RAM 1099 
PCF8571D; P; T 128 x 8 static RAM 1111 
PCF8573P; T clock calendar 1123 
PCF8574P; T remote 8-bit {/O enpander 1141 
PCF85/6T; U universal LCD driver for low multiplex rates 

(1:1 to 1:4); max. 160 segments 1155 
PCF8577P; T LCD direct driver (32 segments) or duplex driver (64 segments) 1191 
PCF8577AP; AT LCD direct driver (32 segments) or duplex driver (64 segments); 

different slave address 1191 
PCF8583P; T 256 x 8-bit static RAM with alarm clock /calendar and 

BCD-counter 1207 
PCF8591P; T 8-bit A/D and D/A converter 1225 
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NUMERICAL 
INDEX 


NUMERICAL INDEX 


type number description package code page 
SINGLE-CHIP 8-BIT MICROCONTROLLERS 
MAB8031AHP ROM-less version of MAB8051AH DIL-40; SOT-129 31 
MAB8031AHWP ROM-less version of MAB8051AH 44-PLCC; SOT-187A 31 
MAB8032AHP ROM-less version of MAB8052AH DIL-40; SOT-129 65 
MAB8035HLP ROM-less version of MAB8048H DIL-40; SOT-129 97 
MAB8035HLWP ROM-less version of MAB8048H 44-PLCC; SOT-187A 97 
MAB8039HLP ROM-less version of MAB8049H DIL-40; SOT-129 97 
MAB8039HLWP ROM.-less version of MAB8049H 44-PLCC; SOT-187A 97 
MAB8040HLP ROM-less version of MAB8050H DIL-40; SOT-129 97 
- MAB8040HLWP ROM-less version of MAB8050H 44-PLCC; SOT-187A 97 

MAB8048HP DIL-40; SOT-129 97 
MAB8048HWP 44-PLCC; SOT-187A 97 
MAB8049HP DIL-40; SOT-129 97 
MAB8049HWP 44-PLCC; SOT-187A 97 
MAB8050HP DIL-40; SOT-129 97 
MAB8050HWP 44-PLCC; SOT-187A Q7 
MAB8051AHP mask-programmable ROM DIL-40; SOT-129 31 
MAB8051AHWP mask-programmable ROM 44-PLCC; SOT-187A 31 
MAB8052AHP mask-programmable ROM DIL-40; SOT-129 65 
MAB8401B bond-out version for MAB84X1 

family plus 8-bit LED-driver 28/28 Piggy-back 123 
MAB8401WP bond-out version for MAB84X1 

family plus 8-bit LED-driver 68-PLCC; SOT-188A 123 
MAB8411P plus 8-bit LED driver DIL-28; SOT-117 123 
MAB8411T plus 8-bit LED driver SO-28; SOT-136A 123 
MAB8421P plus 8-bit LED driver DIL-28; SOT-117 123 
MAB8421T plus 8-bit LED driver SO-28; SOT-136A 123 
MAB8422P plus 8-bit LED driver D|IL-20; SOT-146 155 
MAB8441P plus 8-bit LED driver DIL-28; SOT-117 123 
MAB8441T plus 8-bit LED driver SO-28; SOT-136A 123 
MAB8442P plus 8-bit LED driver DIL-20; SOT-146 155 
MAB8461P plus 8-bit LED driver DIL-28; SOT-117 123 
MAB8461T plus 8-bit LED driver SO-28; SOT-136A 123 
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NUMERICAL 
INDEX 


description package code - page 


type number 


MAF8031AHP ROM-less version of MAB8051AH; 
extended temperature 

ROM.-less version of MAB8051AH; 
extended temperature 


ROM-less version of MAB8051AH;: 


DIL-40; SOT-129 31 
MAF8031AHWP 
| 44-PLCC; SOT-187A 31 
MAF80A31AHP 


10 


MAF80A31AHWP 


MAF8035HLP 


MAF80A35HLP 


MAF 8039HLP 


MAF80A39HLP 


MAF 8040HLP 


MAF80A40HLP 


MAF8048HP 


MAF 80A48HP 


MAF 8049HP 


MAF 80A49HP 


MAF 8050HP 


MAF 80A50HP 


automotive temperature; 
_ reduced frequency 


ROM-less version of MAB8051AH; 


automotive temperature; 
reduced frequency 


ROM-less version of MAB8048H; 
extended temperature 

ROM-less version of MAB8048H; 
automotive temperature; 
reduced frequency 


ROM-less version of MAB8049H; 
extended temperature 

ROM-less version of MAB8049H; 
automotive temperature; 
reduced frequency 


ROM-less version of MAB8050H; 
extended temperature 

ROM-less version of MAB8050H; 
automotive temperature; 
reduced frequency 


like MAB8048H; 
extended temperature 
like MAB8048H; 
automotive temperature; 
reduced frequency 


like MAB8049H; 
extended temperature 
like MAB8049H; 
automotive temperature; 
reduced frequency 


like MAB8050H; 
extended temperature 
like MAB8050H; 
automotive temperature; 
reduced frequency 


Operating temperature range: O to 70 °C. 

Extended temperature range: —40 to + 85 °C. 

Automotive temperature range: —40 to + 110 °C; 
except MAF80A31/51AH only —40 to + 100 °C. 
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DIL-40; SOT-129 


44-PLCC; SOT-187A 


DIL-40; SOT-129 


DIL-40; SOT-129 


DIL-40; SOT-129 


DIL-40; SOT-129 


DIL-40; SOT-129 


DIL-40; SOT-129 


DIL-40; SOT-129 


DIL-40; SOT-129 


DIL-40; SOT-129 


DIL-40; SOT-129 


DIL-40; SOT-129 


DIL-40; SOT-129 


31 


31 


97 


97 


97 


97 


97 


97 


97 


97 


97 


97 


97 


97 


type number 


MAF8051AHP 
MAF8051AHWP 


MAF80A51AHP 


MAF80A51AHWP 


MAF8411P 


MAF84A11P 


MAF8421P 


MAF84A21P 


MAF8422P 


MAF84A22P 


MAF8441P 


MAF84A41P 


MAF8442P 


MAF84A42P 


MAF846iP 


MAF84A61P 


description 
RAM | ROM 
128 | 4K 
128 | 4K 
128 | 4K 
128 | 4K 
64 1K 
64 1K 
64 2K 
64 2K 
64 2K 
64 2K 
128 | 4K 
128 | 4K 
128 AK 
128 | 4K 
128 | 6K 
128 | 6K 


like MAB8051AH; 
extended temperature 

like MAB8051AH; 
extended temperature 

like MAB8051AH; 
automotive temperature; 
reduced frequency 

like MAB8051AH; 
automotive temperature; 
reduced frequency 


plus 8-bit LED driver; 
extended temperature 

plus 8-bit LED driver; 
automotive temperature; 
reduced frequency 


plus 8-bit LED driver; 
extended temperature 

plus 8-bit LED driver; 
automotive temperature; 
reduced frequency 


plus 8-bit LED driver; 
extended temperature 

plus 8-bit LED driver; 
automotive temperature; 
reduced frequency 


plus 8-bit LED driver; 
extended temperature 

plus 8-bit LED driver; 
automotive temperature; 
reduced frequency 


plus 8-bit LED driver; 
extended temperature 

plus 8-bit LED driver; 
automotive temperature; 
reduced frequency 

plus 8-bit LED driver; 
extended temperature 

plus 8-bit LED driver; 
automotive temperature; 
reduced frequency 


Operating temperature range: 0 to 70 °C. 

Extended temperature range: —40 to + 85 °C. 

Automotive temperature range: —40 to + 110 °C; 
except MAF80A31/51AH only —40 to + 100 °C. 


package code 


DIL-40; SOT-129 


NUMERICAL 


INDEX 


page 


31 


44-PLCC:SOT-187A 31 


DIL-40; SOT-129 


31 


44-PLCC; SOT-187A 31 


DIL-28; SOT-117 


DIL-28; SOT-117 


DIL-28; SOT-117 


DIL-28; SOT-117 


DIL-20; SOT-146 


DIL-20; SOT-146 


DIL-28; SOT-117 


DIL-28; SOT-117 


DIL-20; SOT-146 


DIL-20; SOT-146 


DIL-28; SOT-117 


DIL-28; SOT-117 


123 


123 


123 


123 


155 


123 


123 


123 


155 


155 


123 


123 
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NUMERICAL 


INDEX 


type number description 

MEA8000 voice synthesizer | 

OM8200 speech demonstration board (for PCF8200) 
OM8201 speech demonstration box (for OM8200) 
OM8210 speech analysis/editing system (for PCF8200) 
PCB5010 | digital signal processor woth on-chip ROM 
PCB5011 ROM-less version of PCB5010 


SINGLE-CHIP 8-BIT MICROCONTROLLERS (continued) 


PCB80C31BHP 


ROM-less version of PCB80C51 
PCB80C31BHWP ROM-less version of PCB80C51 
PCB80C39P ROM-less version of PCB80C49 
PCB80C39WP ROM-less version of PCB80C49 
PCB80C49P 
PCB80C49WP 
PCB80C51BHP mask-programmable ROM 
PCB80C51BHWP mask-programmable ROM 
PCB80C552WP ROM-less version of PCB83C552 
PCB80C652WP ROM-less version of PCB83C652 
PCB83C552WP PCB80C51 plus additional functions 
PCB83C652WP PCB80C51 plus additional functions 
PCB85C51B software development version 

of PCB80C51 

PCB8582 256 x 8 EEPROM; I7C bus 


SINGLE-CHIP 8-BIT MICROCONTROLLERS (continued) 


PCD3315CP telephony microcontroller 
PCD3315CT telephony microcontroller 
PCD3343D telephony microcontroller 
PCD3343P telephony microcontroller 
PCD3343T telephony microcontroller 
PCF80C31BHP ROM-less version of PCB80C51 
PCF80C31BHWP ROM.-less version of PCB80C51 
PCF80C39P ROM-less version of PCF80C49; 

extended temperature 
PCF80C49P like PCB80C49Q; 

extended temperature 
PCF 80C51BHP mask-programmable ROM 
PCB80C51BHWP mask-programmable ROM 
PCF8200 voice synthesizer (CMOS) 


Operating temperature range: 0 to 70 °C. 
Extended temperature range: —40 to + 85 °C. 
Automotive temperature range: —40 to + 110 °C. 
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package code i page 


DIL-24; SOT-101A 1005 
standard Eurocard 1019 


special pack 1023 
special pack 1025 
68-PLCC;SOT-188A 855 
144-PGA 855 
DIL-40; SOT-129 175 
44-PLCC;SOT-187A 175 
DIL-40; SOT-129 203 
44-PLCC;SOT-187A 203 
DIL-40; SOT-129 203 
44-PLCC; SOT-187A 203 
DIL-40; SOT-129 175 


44-PLCC;SOT-187A 175 
68-PLCC;SOT-188A 233 
44-PLCC;SOT-187A 281 
68-PLCC;SOT-188A 233 
44-PLCC;SOT-187A 281 


DIL-40; SOT-215 319 
DIL-8; SOT-97AE 1061 


DIL-28; SOT-117 351 
S0-28; SOT-136A 351 
DIL-28; SOT-135A 355 
DIL-28; SOT-117 355 
SO-28; SOT-136A 355 
DIL-40; SOT-129 175 


44-PLCC; SOT-187A = 175 


DIL-40; SOT-129 203 
DIL-40; SOT-129 203 
DIL-40; SOT-129 175 


44-PLCC;SOT-187A 175 


DIL-24;SOT-101A 1029 


type number description package code page 
SINGLE-CHIP 8-BIT MICROCONTROLLERS (continued) 
PCF84CO0B bond-out version PCF84CXX family 28/28 Piggy-back 423 
PCF84COOT bond-out version PCF84CXX family VSO-56; SOT-190 423 
PCF84C12P 64 1K DIL-20; SOT-146 395 
PCF84C12T 64 iK 50-20; SOT-163A 395 
PCF84C21P 64 2K plus 8-bit LED driver; 
extended temperature DIL-28; SOT-117 423 
PCF84C21T 64 2K plus 8-bit LED driver; 
extended temperature 50-28; SOT-136A 423 
PCF84C41P 128 | 4K plus 8-bit LED driver; 
extended temperature DIL-28; SOT-117 423 
PCF84C41T 128 | 4K plus 8-bit LED driver; 
extended temperature SO-28; SOT-136A 423 
PCF84C81P 256 | 8K plus 8-bit LED driver; 
extended temperature DIL-28; SOT-117 423 
PCF84C81T 256 | 8K plus 8-bit LED driver; 
extended temperature SO-28; SOT-136A 423 
PCF84C85P 256 | 8K 32 |/O; extended temperature DIL-40; SOT-129 471 
PCF84C85T 256 SK 32 |/O; extended temperature VSO-40; SOT-158A 471 
PCF 8566P universal LCD driver for low multiplex rates 
(1:1 to 1:4); max. 96 segments DIL-40; SOT-129 1069 
PCF8566T universal LCD driver for low multiplex rates 
(1:1 to 1:4); max. 96 segments VSO-40; SOT-158A 1069 
PCF8570P 256 x 8 static RAM; I7C bus DIL-8; SOT-97AE 1099 
PCF8570T 256 x 8 static RAM; |?C bus SO-8L; SOT-1/6 1099 
PCF8571D 128 x 8 static RAM; |*C bus DIL-8; SOT-151A 1111 
PCF8571P 128 x 8 static RAM; I°C bus DIL-8; SOT-97AE 1111 
PCF8571T 128 x 8 static RAM; I?C bus SO-8L; SOT-176 1171 
PCF8573P clock calendar with serial 1/O DIL-16; SOT-38 1123 
PCF8573T clock calendar with serial !/O SO-16L; SOT-162A 1123 
PCF8574P remote 8-bit 1/O expander DIL-16; SOT-38 1141 
PCF8574T remote 8-bit 1/O expender SO-16L; SOT-162A 1141 
PCF8576T universal LCD driver for low multiplex rates 
(1:1 to 1:4); max. 160 segments VSO-56; SOT-190 1155 
PCF8576U universal LCD driver for low multiplex rates 
(1:1 to 1:4); max. 160 segments uncased chip 1155 


NUMERICAL 
INDEX 


Operating temperature range: 0 to 70 °C. 
Extended temperature range: —40 to + 85 °C. 
Automotive temperature range: —40 to + 110 °C. 


October 1986 13 


14 


NUMERICAL 
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type number 


PCF8577P 


PCF8577T 


PCF8577AP 


PCF8577AT 


PCF8583P 


PCF8583T 


PCF8591P 
PCF8591T 


SAA 1099 


SAA5350 
SCN2670 
SCN2671 


TEA2000 


87131 
8T32 


8136 


SXO1A 


8X02A 
8X41 
8X60 
8X300 


8X305 
8X310 
8X320 


8X330 
8X350 


8X353 
8X355 
8X360 


8X371 
8X372 
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description 


LCD direct driver (32 segments) or duplex driver 
(64 segments) 

LCD direct driver (32 segments) or duplex driver 
(64 segments) 

LCD direct driver (32 segments) or duplex driver 
(64 segments); different slave address 

LCD direct driver (32 segments) or duplex driver 
(64 segments); different slave address 


256 x 8-bit static RAM with alarm clock/calendar 
and BCD-counter 

256 x 8-bit static RAM with alarm clock/calendar 
and BCD-counter 


8-bit A/D and D/A converter 
8-bit A/D and D/A converter 


_ stereo sound generator for sound effects and 


music synthesis (uC controlled) 
Colour CRT controller (EUROM); CEPT standard 
Display Character and Graphics Generator (DCGG) 


Programmable Keyboard & Comm Controller 
(PKCC) 


PAL/NTSC colour encoder 


8-bit Latched Bidirectional |/O ports; synchronous 
8-bit Latched Addressable Bidirectional I/O 

ports; synchronous 
8-bit Latched Addressable Bidirectional I/O 

ports; asynchronous 


CRC Generator/Checker; Synchronous Data 
Link Control (SDLC) 

Control Store Sequencer 

Autodirectional Bus Transceiver 

FIFO RAM Controller (FRC) 

Microcontroller; 250 ns cycle time 


Microcontroller; 200 ns cycle time 

Interrupt Control Coprocessor 

Bus Interface Register Array; 2-port RAM for 
8/16-bit interface between a host and 
peripheral processor 

Floppy Disk Formatter/Controller 

2048-bit Bipolar RAM (256 x 8); high-speed 
memory with bus interface 


Bipolar RAM (32 x 8); high-speed memory 
with bus interface 
LIFO Stack Memory (32 x 8); high-speed LIFO 
stack with bus interface 
Memory Address Director 
Latched Bidirectional !/O ports 
Addressable/Bidirectional I/O ports; synchronous 


package code 


DIL-40; SOT-129 
VSO-40; SOT-158A 
DIL-40; SOT-129 


VSO-40; SOT-158A 


DIL-8; SOT-97AE 


SO-8L; SOT-176 


DIL-16; SOT-38 
SO-16L; SOT-162A 


DIL-18; SOT-102ME 
DIL-40; SOT-129 
N, 1 (28-DIL) 


N, | (40-DIL) 
DIL-18; SOT-102HE 
N (24-DIL) 


N, F (24-DIL) 


N, F (24-DIL) 


N, F (14-DIL) 
N (28-DIL) 

N (24-DIL) 

N, FO (28-DIL) 
| (50-DIL) 


N, | (50-DIL) 
N, | (40-DIL) 


N, | (40-DIL) 
N (40-DIL) 


N, F (22-DIL) 


N, F (20-DIL) 


N, F (20-DIL) 
N, | (40-DIL) 
N, | (24-DIL) 
N, | (24-DIL) 


page 


1191 


1191 


1191 


1191 


1207 


1207 


1225 
1225 


1043 
905 
933 


949 
995 


695 
699 


699 


769 
775 
783 
789 
515 


535 
557 


569 
577 


593 


597 


605 
613 
615 
623 


NUMERICAL 
INDEX 


type number description package code page 
8X374 Addressable/Bidirectional |/O ports; synchronous 

with parity N, F (28-DIL) 633 
8X376 Addressable/Bidirectional |/O ports; asynchronous WN, | (24-DIL) 623 
8X382 4-input/4-output Addressable !/O ports N, | (24-DIL) 643 
8X401 Microcontroller N, | (64-DIL) 653 
8X450 RAM (256 byte) N, | (24-DIL) 673 
8X470 1/O port N, | (24-DiL) 681 
2960 Error Detection and Correction (EDC) Unit N, | (48-DIL) 797 
2964B Dynamic Memory Controller —— 831 
9401 CRC Generator/Checker N, F (14-DIL) 769 
9403 64-bit FIFO Buffer Memory (16 x 4) N (24-DIL) 843 


Purchase of Philips’ 1@C components conveys a license under the 
Philips’ 1?C patent to use the components in the !?C system 
provided the system conforms to the |?C specification defined 
by Philips. 7 
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TYPE LIST 


MAINTENANCE TYPE LIST 


The types listed below are not included in this handbook. Detailed information will be supplied on 


request. 


MAB8021 
MAB8041A 


MAB84XX 
MAF 84XX 
MAF84AX1 
FAMILY 


PCB80C31 
PCB80C51 


TEA1002 


October 1986 


single-chip 8-bit microcomputer 
single-chip 8-bit microcontroller 


single-chip 8-bit microcontroller 


single-chip 8-bit microcontroller 


PAL colour encoder and video summer 


successor type: MAB84X1 
| MAF84X1 
MAF84AX1 
FAMILY 


successor type: PCB80C31B 
PCB80C51BH 


successor type: TEA2000 


ORDERING INFORMATION 


TYPE DESIGNATION 


PRODUCT STATUS DEFINITIONS 


~ ORDERING 
INFORMATION 


PART NUMBERING SYSTEM 


Example: SCN2661AC1N28 


§ C N 2 6 6 1 A 


N 2 8 

Microprocessor Division si Pin Count 
identifier — Always SC Basic Part Number 14, 16, 24, 28, 40, etc. 
Process/Power Variation Package 


N = N—Channel |= Ceramic 
C=C—MOS : N = Plastic 
B = Bipolar me 


fon eer Timing Variation 


See appropriate data sheet 


ee Temperature 


C=0°C to +70°C 
(Commercial) 

A= ~ 40°C to +85°C 
(Automotive) 

M= — 55°C to + 125°C 
(Military) 

P= —20°C to +70°C 
(Philips) 
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ORDERING 
INFORMATION 


BIPOLAR LSI ORDERING INFORMATION 

3X300 I/O Peripheral Components 

Various 8X300/8X305 MicroController I/O parts and bus expanders can be ordered with 
an address preprogrammed at the factory or unprogrammed to permit feild address assign- 
ment. Addresses in range indicated as STOCK in the table below may be ordered in any 
quantity. Addresses outside of the STOCK range but indicated as AVAILABLE require a 
minimum order of 250 pieces per line item per part type. To order, use the part number 
indicated in the table, substituting the desired address of xx or xxx when ordering 
preprogrammed parts. 


PART 
NUMBER 


ADDRESSES ORDER NUMBER 
AVAILABLE STOCK UNPROGRAMMED PREPROGRAMMED 


N8T32F 000-255 None N8T32F N8T32F-xxx 
N8T32N 000-255 000-015 N8T32N N8T32N-xxx 
N8T36F 000-255 None N8T36F N8T36F -xxx 
N8T36N 000-255 000-015 N8T36N N8T36N-xxx 
N8X372N 000-255 000-015 N8X372N N8X372N-xxx 
N8X374N 000-255 000-015 N8X374N N8X374-xxx 
N8X376N 000-255 000-015 N8X376N N8X376N-xxx 
N8X382N 000-255 000-015 N8X382N N8X382N-xxx 


MCCAP 8X300/8X305 CROSSASSEMBLER PROGRAM 


MCCAP, the crossassembler program for the 8X300 and 8X305 Micro-Controllers, is sup- 
plied as a 9-track magnetic tape containing FORTRAN IV source code for the 
crossassembler program. For compatibility with various computer systems, the tape is 
available in various combinations of density and data encoding. To order, use the follow- 
ing part numbers. 


| NUMBER DENSITY ENCODING 


8X300 AS1-1 SS 800 ASCII 
8X300 AS1-2 SS 800 


8X300 AS1-3 SS 1660 
8X300 AS1-4 SS 1600 
SINGLE/ 
8X300 AS2SS DOUBLE 
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TYPE 
DESIGNATION 


PRO ELECTRON TYPE DESIGNATION CODE 
FOR INTEGRATED CIRCUITS 


This type nomenclature applies to semiconductor monolithic, semiconductor multi-chip, thin-film, 
thick-film and hybrid integrated circuits. 


A basic number consists of: 
THREE LETTERS FOLLOWED BY A SERIAL NUMBER 


FIRST AND SECOND LETTER 


1. 


DIGITAL FAMILY CIRCUITS 
The FIRST TWO LETTERS identify the FAMILY (see note 1). 


. SOLITARY CIRCUITS 


The FIRST LETTER divides the solitary circuits into: 


S : Solitary digital circuits 
T : Analogue circuits 
U: Mixed analogue/digital circuits 


~The SECOND LETTER is a serial letter without any further significance except 'H’ which stands 


for hybrid circuits. 


. MICROPROCESSORS 


The FIRST TWO LETTERS identify microprocessors and correlated circuits as follows: 


_ | Microcomputer 


ieee | Central processing unit 
MB : Slice processor (see note 2) 
MD : Correlated memories 
.ME : Other correlated circuits (interface, clock, peripheral controller, etc.) 


. CHARGE-TRANSFER DEVICES AND SWITCHED CAPACITORS 


The FIRST TWO LETTERS identify the following: 


NH : Hybrid circuits 

NL : Logic circuits 

NM : Memories 

NS : Analogue signal processing, using switched capacitors 
NT : Analogue signal processing, using CTDs 

NX: Imaging devices 

NY : Other correlated circuits 


Notes 


1. 


A logic family is an assembly of digital circuits designed to be interconnected and defined by its 
basic electrical characteristics (such as: supply voltage, power consumption, propagation delay, 
noise immunity). 


2. By ‘slice processor’ is meant: a functional slice of microproc: <sor. 
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TYPE 
DESIGNATION 


THIRD LETTER 


It indicates the operating ambient temperature range. 
The letters A to G give information about the temperature: 


temperature range not specified 
O0to+ 70°C 

—55 to + 125 °C 

—25 to + 70 °C 

—25 to + 85 °C 

—40 to + 85 °C 

—55 to + 85 OC 


Oommod Ww yb 


lf a circuit is published for another temperature range, the letter indicating a narrower temperature 
range may be used or the letter ‘A’. 


Example: the range 0 to + 75 °C can be indicated by 'B’ or ‘A’. 


SERIAL NUMBER 


This may be either a 4-digit number assigned by Pro Electron, or the serial number (which may be a 
combination of figures and letters) of an existing company type designation of the manufacturer. 


To the basic type number may be added: 
A VERSION LETTER 


Indicates a minor variant of the basic type or the package. Except for ‘2’, which means customized 
wiring, the letter has no fixed meaning. The following letters are recommended for package variants: 


: for cylindrical 

: for ceramic DIL 

: for flat pack 

: for chip on tape 

: for plastic DIL 

: for QIL 

: for miniature plastic (mini-pack) 
: for uncased chip 


cHonoovrngoo 


Alternatively a TWO LETTER SUFFIX may be used instead of a single package version letter, if the 
manufacturer (sponsor) wishes to give more information. 


FIRST LETTER: General shape SECOND LETTER: Material 


: Cylindrical C : Metal-ceramic 

: Dual-in-line (DIL) G : Glass-ceramic (cerdip) 
: Power DIL (with external heatsink) M: Metal 

: Flat (leads on 2 sides) P : Plastic 


C 
D 
E 
F 
G: Flat (leads on 4 sides) 

K : Diamond (TO-3 family) 

M: Multiple-in-line (except Dual-, Triple-, Quadruple-in-line) 
Q : Quadruple-in-line (QIL) 

R : Power QIL (with external heatsink) 

S : Single-in-line 

T : Triple-in-line 

A 


hyphen precedes the suffix to avoid confusion with a version letter. 
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PRODUCT 


STATUS 
DEFINITIONS 


Data Sheet Identification 


Advance Information 


aciilaslisvelay 


No 
identification 
Noted 
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DEFINITION OF TERMS 


Product Status 


Formative or 
In Design 


Sampling or 
Pre-Production 


First 
Production 


Full 
Production 


Definition 


This data sheet contains the design 
specifications for product develop- 
ment. Specifications may change in 
any manner without notice. 


This data sheet contains advance 
information and specifications are 
subject to change without notice. 


This data sheet contains preliminary 
data and supplementary data will be 
published at a later date. Signetics 
reserves the right to make changesat 
any time without notice in ordertoim- 
prove design and supply the best 
possible product. 


This data sheet contains final 
specifications. Signetics reserves 
the right to make changes at any 
time without notice in order to im- 
prove design and supply the best 
possible product. 
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RATING 


RATING SYSTEMS 


The rating systems described are those recommended by the International Electrotechnical Commission 
(IEC) in its Publication 134. 


DEFINITIONS OF TERMS USED 
Electronic device. An electronic tube or valve, transistor or other semiconductor device. 


Note 
This definition excludes inductors, capacitors, resistors and similar components. 


Characteristic. A characteristic is an inherent and measurable property of a device. Such a property 
may be electrical, mechanical, thermal, hydraulic, electro-magnetic, or nuclear, and can be expressed 
as a value for stated or recognized conditions. A characteristic may also be a set of related values, 
usually shown in graphical form. 


Bogey electronic device. An electronic device whose characteristics have the published nominal values 
for the type. A bogey electronic device for any particular application can be obtained by considering 
only those characteristics which are directly related to the application. 


Rating. A value which establishes either a limiting capability or a limiting condition for an electronic 
device. It is determined for specified values of environment and operation, and may be stated in any 
suitable terms. 


Note 
Limiting conditions may be either maxima or minima. 


Rating system. The set of principles upon which ratings are established and which determine their 
interpretation. 


Note 
The rating system indicates the division of responsibility between the device manufacturer and the 
circuit designer, with the object of ensuring that the working conditions do not exceed the ratings. 


ABSOLUTE MAXIMUM RATING SYSTEM 


Absolute maximum ratings are limiting values of operating and environmental conditions applicable to 
any electronic device of a specified type as defined by its published data, which should not be exceed- 
ed under the worst probable conditions. 


These values are chose by the device manufacturer to provide acceptable serviceability of the device, 
taking no responsibility for equipment variations, environmental variations, and the effects of changes 
in Operating conditions due to variations in the characteristics of the device under consideration and 
of all other electronic devices in the equipment. 


The equipment manufacturer should design so that, initially and throughout life, no absolute maximum 
value for the intended service is exceeded with any device under the worst probable operating con- 
ditions with respect to supply voltage variation, equipment component variation, equipment control 
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics 
of the device under consideration and of all other electronic devices in the equipment. 
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RATING 
SYSTEMS 


DESIGN MAXIMUM RATING SYSTEM 

Design maximum ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed- | 
ed under the worst probable conditions.. 

These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking responsibility for the effects of changes in operating conditions due to variations in the charac- 
teristics of the electronic device under consideration. 

The equipment manufacturer should design so that, initially and throughout life, no design maximum 
value for the intended service is exceeded with a bogey device under the worst probable operating 
conditions with respect to supply voltage variation, equipment component variation, variation in 
characteristics of all other devices in the equipment, equipment control adjustment, load variation, 
signal variation and environmental conditions. 


DESIGN CENTRE RATING SYSTEM 

Design centre ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed- 
ed under normal conditions. 

These values are chosen by the device manufacturer to provide acceptable serviceability of the device 
in average applications, taking responsibility for normal changes in operating conditions due to rated 
supply voltage variation, equipment component variation, equipment control adjustment, load variation, 
signal variation, environmental conditions, and variations in the characteristics of all electronic devices. 
The equipment manufacturer should design so that, initially, no design centre value for the intended 
service is exceeded with a bogey electronic device in equipment operating at the stated normal supply 
voltage. 
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HANDLING 


MOS DEVICES ae 


HANDLING Mos DEVICES 


Though all our MOS integrated circuits incorporate protection against electrostatic aiechaiges they 
can nevertheless be damaged by accidental over-voltages. In storing and handling them, the following 
Precauttary are recommended. 


Caution 


_ Testing or handling and mounting call for pcial attention to personal ‘afety: Personnel handling MOS 
_ devices should normally be connected to ground via a resistor. 


Storage and transport 


Store and transport the circuits in their original packing. Alternatively, use may be made of a conductive 
material or special IC carrier that either short-circuits all leads or insulates them from external contact. 


Testing or handling 


Work on a conductive surface (e.g. metal table top) when testing the circuits or Sanstoranue them from 

one carrier to another. Electrically connect the person doing the testing or handling to the conductive 

surface, for example by a metal bracelet and a conductive cord or chain. Connect all testing and hand- 

ling equipment to the same surface. 

Signals should not be applied to the inputs while the device power supply | is off. All unused input leads 
should be connected to either the Sippy voltage or belie 


Mounting ‘ 


Mount MOS integrated circuits on printed circuit boards after all other components have been mounted. 
Take care that the circuits themselves, metal parts of the board, mounting tools, and the person doing 
the mounting are kept at the same electric (ground) potential. If it is impossible to ground the printed- 
circuit board the person mounting the circuits should touch the board before bringing MOS circuits 

into contact with it. 


Soldering 


Soldering iron tips, including those of low-voltage irons, or soldering baths should also be kept at the 
same potential as the MOS circuits and the board. 


Static charges 


Dress personnel in clothing of non-electrostatic material (no wool, silk or synthetic fibres). After the 
MOS circuits have been mounted on the board proper handling precautions should still be observed. 
Until the sub-assemblies are inserted into a complete system in which the proper voltages are supplied, 
the board is no more than an extension of the leads of the devices mounted on the board. To prevent 
static charges from being transmitted through the board wiring to the device it is recommended that 
conductive clips or conductive tape be put on the circuit board terminals. 


Transient voltages 


To prevent permanent damage due to transient voltages, do not insert or remove MOS devices, or 
printed-circuit boards with MOS devices, from test sockets or systems with power on. 


Voltage surges 
Beware of voltage surges due to switching electrical equipment on or off, relays and d.c. lines. 
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SINGLE-CHIP 8-BIT MICROCONTROLLERS 
(NMOS, CMOS)* 


MAB8031AH; MAB8051AH......... 000. cece eee eee neers 


User manual 1986 | 
“Single-chip 8-bit Microcontrollers” 


Available on request 


31 
MAB8031AH; MAB8052AH.......... 00. c eee eee ee nee enees 65 
MAB8048H/35HL; MAB8049H/39HL; MAB8050H/40HL............ 97 
MAB84X1; MAF84X1; MAF84AX1 family ..........0 00 cc eee eee 123 
MAB8422/42; MAF8422/42; MAF84A22/42.........00c cc eeeeeees 155 
PCB80C31BH; PCB80C51BH ........ 2. cece cece cece ee eteeeees 175 
PCB80C39; PCB80C49 .... 6. kee e een ennees 203 
PCB83C552; PCB80C552 .... 1... eee c eee eeeeeee 233 
PCB83C652; PCB8O0C652 .... 1.1... kee eee eee eee eee ee eenees 281 
PCBS5E5 1.x covsac toe ose reseed ieee Bou ee coats bones 319 
PCOS315G sik eracnas eu y came eae oes eee a ako eee 351 
PG 854 Set gate aee are ee ota nape enna aa one ay 355 
PCESACI2. nce amncsorniwectnncushemenoanahmenes aauenuels .. 395 
PGESICKX Tamils es orien an's vawedet cedieieacs bev saaeneseee 423 
PCF 84085 2.1 voce abacus oid Sain oR ee eae we eee 471 
* 
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MAB8031AH 
MAB8051AH 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 


The MAB8051AH family of single-chip 8-bit microcontrollers is manufactured in an advanced 2 yp 
NMOS process. The family consists of the following members: 


@ MAB8031AH: ROM-less version of the MAB8051AH 
@ MAB8051AH: 4 K bytes mask-programmable ROM, 128 bytes RAM 


Both types are available in 8, 10 and 12 MHz versions and 15 MHz for the MAB8031AH. In the 
following, the generic term ‘‘MAB8051AH” is used to refer to both family members. 


The device provides hardware features, architectural enhancements and new instructions to function as 
a controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K bytes 
of data storage. 


The MAB8051AH contains a non-volatile 4 K x 8 read-only program memory (not ROM-less version); 
a volatile 128 x 8 read/write data memory; 32 I/O lines; two 16-bit timer/everit counters; a five-source, 
two-priority-level, nested interrupt structure; a serial |/O power for either multi-processor communi- 
cations, |/O expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems 
that require extra capability, the MAB8051AH can be expanded using standard TTL compatible 
memories and logic. 


The device also functions as an arithmetic processor having facilities for both binary and BCD arithme- 
tic plus bit-handling capabilities. The instruction set consists of 255 instructions; 44% one-byte, 41% 
two-byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 us and 
40% in 2 us. Multiply and divide instructions require 4 us. Multiply, divide, subtract and compare are 
among the many instructions added to the standard MAB8048H instruction set. 

For further detailed information see users manual ‘Single-chip 8-bit microcontrollers’. 


Features 


4K x 8 ROM (8051AH only), 128 x 8 RAM 
Four 8-bit ports, 32 1/O lines << 
Two 16-bit timer/event counters 
Full duplex serial port 
External memory expandable to 128 K 
Boolean processing 
218 bit-addressable locations 
On-chip oscillator 
Five-source interrupt structure with two priority levels 
58% of instructions executed in 1 ws; multiply and divide in 4 ys (at 12 MHz clock) 
Enhanced architecture with: 
non-page-oreinted instructions 
direct addressing 
four 8-bit register banks 
stack depth up to 128-bytes 
multiply, divide, subtract and compare 
Available with extended temperature range: —40 to + 85 °C (MAF8031/51AH) 
@ Available with automotive temperature range: —40 to + 100 °C (MAF80A31/51AH) 


‘PACKAGE OUTLINES 


MAB8031/51AHP; MAF8031/51AHP; MAF80A31/51AHP: 40-lead DIL; plastic (SOT-129). 
MAB8031/51AHWP; MAF8031/51AHWP; MAF80A31/51AHWP: 44-lead, plastic leaded-chip-carrier 
(PLCC); SOT-187A. 
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MAB8031/51AHP; MAF8031/51AHP; MAB8031/51AHWP; MAF8031/51AHWP; 
MAF80A31/51AHP. MAF80A31/51AHWP. 


* Vpp option available on request. 
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Single-chip 8-bit microcontroller 


PINNING (DIL package) 


1-8 P1.0-P1.7 Port 1: 8-bit quasi-bidirectional I/O port. It receives the low-order address 
byte during program verification. Port 1 can sink/source one TTL (=4 LS TTL) 
input. It can drive MOS inputs without external pull-ups. 


9 RST/Vpp RESET/POWER DOWN: a high level on this pin for two machine 
cycles while the oscillator is running resets the device. An internal pulldown 
permits Power-On reset using only a capacitor connected to Vcc. As an 
available option, this pin also supplies standby power to the RAM: Vpp should 
be held within its specified limit while Vcc drops below its specified limit. 
When Vpp is LOW the RAM current is drawn from Vcc. 


10-17 P3.0-P3.7 Port 3: 8-bit quasi-bidirectional I/O port with internal pull-ups. It also 
serves the following alternative functions: 


Port pin Alternative function 


P3.0 RXD/data: serial port receiver data input (asynchronous) or 
data input/output (synchronous) 

P3.1 TXD/clock: serial port transmitter data output (asynchronous) 
or clock output (synchronous) 

P3.2 INTO: external interrupt O or gate control input for timer/event 
counter 0 

P3.3 INTI : external interrupt 1 or gate contro! input for timer/event 
counter 1 

P3.4 TO : external input for timer/event counter O 

P3.5 T1 : external input for timer/event counter 1 

P3.6 WR: external data memory write strobe 

P3.7 RD: external data memory read strobe. 


Operation of an alternative function is determined by the relevant output 
latch programmed to logic 1. Port 3 can sink/source one TTL input. It can 
drive MOS inputs without external pull-ups. 


18 XTAL 2 Crystal input 2: output of the inverting amplifier that forms the oscillator, 
and input to the internal clock generator. Receives the external oscillator 
signal when an external oscillator is used (see figures 6 and 7). 


19 XTAL 1 Crystal input 1: input to the inverting amplifier that forms the oscillator. 
Connected to Vsg when an external oscillator is used (see figures 6 and 7). 


20 Vss Ground: circuit ground potential. 


21-26 P2.0-P2.7 Port 2: 8-bit quasi-bidirectional |/O port with internal pull-ups. It emits the 
high-order address byte when accessing externa! memory. It also receives 
the high-order address bits and control signals during program verification. 
Port 2 can sink/source one TTL input. It can drive MOS inputs without 
external pull-ups. 


29 PSEN Programm Store Enable output: read strobe to the external Program Memory. 
It is activated twice each machine cycle during fetches from external Program 
Memory. When executing out of external Program Memory two activations of 
PSEN are skipped during each access to external Data Memory. PSEN is not 
activated (remains HIGH) during fetches from internal Program Memory. 


30 ALE Address Latch Enable output: latches the low byte of the address during 
accesses to external memory in normal operation. It is activated every six 
oscillator periods except during an external data memory access. 
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PINNING (continued) 
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When EA is held at a TTL high level the CPU executes out of the internal 
Program Memory (ROM), provided the Program Counter is less than 4096. 
When EA is held at a TTL low level the CPU executes out of external 
Program Memory. EA does not float. 


Port 0: 8-bit open drain bidirectional I/O port. It is also the multiplexed 
low-order address and data bus during accesses to external memory (during 
these accesses it activates internal pull-ups). It also outputs instruction bytes 
during program verification. (External pull-ups are required during program 
verification). Port 0 can sink/source two TTL inputs. | 


Power Supply: + 5 V power supply pin during normal operation. 
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Single-chip 8-bit microcontroller 


FUNCTIONAL DESCRIPTION 
General 


The MAB8051AH is a stand-alone high-performance microcontroller designed for use in real-time 
applications such as instrumentation, industrial control and intelligent computer peripherals. 


The device provides hardware features, architectural enhancements and new instructions to function 
as acontroller for applications requiring up to 64 K bytes of program memory and/or up to 64 K bytes 
of data storage. 


The MAB8031AH is a control-oriented CPU without on-chip program memory. It can address 64 K 

bytes of external program memory in addition to 64 K bytes of external data memory. The MAB8051AH 
is a MAB8031AH with the lower 4 K bytes of program memory filled with on-chip mask programmable 
ROM. For systems requiring extra capability, the MAB8051AH can be expanded using standard TTL 
memories and peripherals. 


The two pin-compatible versions of this component reduce development problems to a minimum and 
provide maximum flexibility. The MAB8051AH is for low-cost, high volume production; and the 
MAB8031AH for applications requiring the flexibility of external program memory which can be easily 
modified and updated in the field. 


The MAB8051AH contains a non-volatile 4 K x 8 read-only program memory; a volatile 128 x 8 read/ 
write data memory; 32 I/O lines; two 16-bit timer/event counters; a five-source, two-priority-level, 
nested interrupt structure; a serial |/O port for either multi-processor communications, |/O expansion, 
or full duplex UART; and on-chip oscillator and timing circuits. 


Central processing unit 


The central processing unit (CPU) manipulates operands in four memory spaces. These are the 

64 K-byte external data memory, 256-byte internal data memory and 16-bit program counter spaces. 
The internal data memory address space is sub-divided into the 128-byte internal data RAM and 
128-byte special function register (SFR) address spaces, as shown in Fig. 4a. See also Figures 4b to 4f. 


64K 64K 


EXTERNAL 


overlapped space 


BOOS | te es 
255 [ 1 255 [ SPECIAL 
| | FUNCTION 
| 41428 | REGISTERS 


| 
, 128] INTERNAL 
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DATA R 
0 0 au 0 


UY aaa aaa _——Y ee een | 


-_program counter program memory internal external 
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Fig. 4a Memory map. 
Where: 
The internal data Se aio locations are addressable direct/indirect as follows: 


| addressed 


direct and indirect 
direct only 


location 


RAM 0 to 127 
SFR 128 to 22>? 
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FUNCTIONAL DESCRIPTION (continued) 


The internal data RAM contains four register banks (each with eight registers), 128 addressable bits, 

and the stack. The stack depth is limited by the available internal data RAM and its location is 
determined by the 8-bit stack pointer. All registers except the program counter and the four 8-register 
banks reside in the special function register (SFR) address space. These memory mapped registers include 
arithmetic registers, pointers, [/O ports, interrupt system registers, timers and serial port. There are 

128 addressable bit locations in the SFR address space. 


The MAB8051AH contains 128 bytes of internal data RAM and 20 special function registers. It provides 
a non-paged program memory address space to accommodate relocatable code. Conditional branches 
are performed relative to the program counter. The register-indirect jump permits branching relative 

to a 16-bit base register with an offset provided by an 8-bit index register. 16-bit jumps and calls 
permit branching to any location in the contiguous 64 K program memory address space. 


The MAB8051AH has five methods for addressing source operands: 


Register 

Direct 

Register- Indirect 

Immediate 

Base-Register-plus Index-Register-Indirect 


The first three methods can be used for addressing destination operands. Most instructions have a 
‘destination source” field that specifies the data type, addressing methods and operands involved. 
For operations other than moves, the destination operand is also a source operand. 


Access addressing is as follows: 


® Registers in the four 8-register banks through Register, Direct, or Register-indirect. 
® 128 bytes of internal data RAM through Direct or Register-indirect. 

® Special function registers through Direct. 

@ External data memory through Register-indirect. 

@ Program memory look-up tables through Base-Register-plus Index-Register-Indirect. 


The MAB80514AH is classified as an 8-bit device since the internal ROM, RAM, Special Function Registers 
(SFR), Arithmetic Logic Unit (ALU), and external data bus are each 8-bits wide. It performs 
operations on bit, nibble, byte and double-byte data types. 


Facilities are available for byte transfer, logic, and integer arithmetic operations, Data transfer, logic, 
and conditional branch operations can be performed directly on Boolean variables to provide excellent 
bit handling. 
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Fig. 4b Internal data memory address space. 
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Fig. 4c Mapping of special function registers. 
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FUNCTION 
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Fig. 4d Special function register bit addresses. 
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Fig. 4e¢ RAM bit addresses. 
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FUNCTIONAL DESCRIPTION (continued) 
1/O facilities 


The MAB8051AH has 32 1/0 lines treated as 32 individual sddresable bits and as four parallel 8 8- bit 
addressable ports. Ports 0, 1, 2 and 3 perform the following alternate functions: 


@ Port 0; provides the multiplexed low-order address and data bus used for expanding the MAB8051AH 
with standard memories and peripherals 

e Port 2; provides the high-order address bus when expanding the MAB8051 with ne program 
memory or more than 256 bytes of external data enor 

® Port 3; pins can be configured individually to provide:- 


external interrupt requests mus 

counter inputs 

serial port receiver input and transmitter output 

control signals to READ and WRITE to external data memory 


The generation or use of a Port 3 pin as an alternate function is carried out automatically by the 
MAB8051AH provided the pin is configured as an output. 


Timer/event counters 


The MAB8051AH contains two 16-bit registers, Timer 0 and Timer 1, that can be used as timers or event 
counters to carry out the following functions: | 


@ Measure time intervals and pulse durations 
® Count events 
@ Generate interrupt requests 


Each timer/event counter can be programmed independently to operate in three modes: 


@ Mode 0; 8-bit timer or 8-bit counter each with divide by 32 prescaler 
@ Mode 1; 16-bit time-interval or event counter 
@ Mode 2; 8-bit time-interval or event counter with automatic reload upon overflow 


Counter 0 can be programmed to operate in an additional mode as follows: 
@ Mode 3; one 8-bit time-interval or event counter and one 8-bit time-interval counter 


When counter 0 is in Mode 3, counter 1 can be programmed to operate in Modes 0, 1 or 2 but cannot 
set an interrupt request flag or generate an interrupt. However the overflow from counter 1 can be 
used to pulse the serial Port transmission-rate generator. 


The frequency handling range of these counters with a 3,5 to 12 MHz crystal is as follows: 


® 0,3 to 1 MHz when programmed for an input that is a division by 12 of the oscillator frequency 
@ 0 Hz to an upper limit of 150 kHz to 0,5 MHz when programmed for external inputs 


Both internal and external inputs can be gated to the counter by a second external source for directly 
measuring pulse durations. 


The counters are started and stopped under software control. Each one sets its interrupt request flag 
when it overflows from all 1’s to all O’s (or automatic reload value). 
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On-chip peripheral functions 


In addition to the CPU and memories, an interrupt system, extensive I/O facilities, and several peripheral 
functions are integrated on-chip to relieve the CPU of repetitious, complicated or time-critical tasks and 
to permit stringent real-time control of external system interfaces. The I/O facilities include the I/O pins, 
parallel ports, bidirectional address/data bus and the serial port for |/O expansion. The CPU peripheral 
functions integrated on-chip are the two 16-bit timer/event counters and the serial port. 


Interrupt system (see Fig. 5) 


External events and the real-time-driven on-chip peripherals require service by the CPU asynchronous 
to the execution of any particular section of code. To tie the asynchronous activities of these functions 
to normal program execution a multiple-source, two-priority-level, nested interrupt system is provided. 
Interrupt response latency is from 3 ys to 7 us when using a 12 MHz crystal. 


The MAB8051AH acknowledge interrupt requests from five sources as follows: 


@ INTO and INT1; externally via pins 12 and 13 respectively 
@ Timer 0 and Timer 1; from the two internal counters 
@ Serial Port; from the internal serial 1/O port 


Each interrupt vectors to a separate location in program memory for its service program. 

Each source can be individually enabled or disabled and can be programmed to a high or low 
priority level. Also all enabled sources can be globally disabled or enabled. Both external interrupts 
can be programmed to be level-activated or transition-activated and is active LOW to allow ‘’wire- 
ORing” of several interrupt sources to the input pin. 
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Fig. 5 Interrupt system. 
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OSCILLATOR CIRCUITRY 


The oscillator circuitry of the MAB8051AH is a single-stage inverting amplifier in a Pierce oscillator 
configuration. The circuitry has a combination of depletion and enhancement mode MOS FETs to 
produce the inverting characteristics, and not passive components. Either a crystal or ceramic resonator 
can be used as the feedback element to complete the oscillator circuitry. XTAL1, pin 19, is the high 
gain amplifier input, and XTAL2, pin 18, is the output (see Fig. 6). 


To drive the MAB8051AH externally, XTAL1 should be connected to ground and XTAL2 driven from 
an external source (see Fig. 7). 


40 pF + 10 pF for ceramic resonators 
30 pF + 10 pF for crystals 


XTAL1 
XN 
XTAL2 external clock 18 XTAL2 
30 pF + 10pF for crystals (not TTL compatible) 
40pF + 10pF for ceramic resonators 7287532.1 eter 
Fig.6 MAB8051AH oscillator circuit. Fig. 7 Driving the MAB8051AH from an 


external source. 
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RESET CIRCUITRY 


The reset circuitry for the MAB8051AH is connected to the reset pin, RST, as shown in Fig. 8. 
A Schmitt trigger is used th the input for noise rejection, The output of the Schmitt trigger is sampled 
by the reset circuitry every machine cycle. 


RESET 
CIRCUITRY 


RST 


SCHMITT 
TRIGGER 


7Z90788.1 


Fig. 8 Reset configuration at RST. 


A reset is accomplished by holding the RST pin HIGH for at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The CPU responds by executing an internal reset. It also con- 
figures the ALE and PSEN pins as inputs. (They are quasi-bidirectional.) The internal reset is executed 
during the second cycle in which RST is high and is repeated every cycle until RST goes LOW. It 
leaves the internal registers as follows: 


REGISTER CONTENT 
PC OOOOH 

ACC , OOH 

B OOH 

PSW OOH 

SP 07H 

DPTR OO00H 

PO -- P3 OFFH 

IP XX XOO000B 
IE XX XO00000B 
TMOD OOH 

TCON OOH 

THO OOH 

TLO OOH 

TH1 OOH 

TL1 OOH 

SCON OOH 

SBUF Indeterminate 
PCON OXXXXXXXB 
Where 

H = Hexadecimal 

B = Binary 


The internal RAM is not affected by reset. When VCC is turned on, the RAM content is determinate. 
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RESET CIRCUITRY (continued) 

Power-on reset | 

An automatic reset when Vcc is turned on can be obtained by connecting the RST pin to Vcc 
through a 10 wF capacitor, as long as the Vcc rise-time does not exceed 10 milliseconds, This power- 
On reset circuit is shown in Fig. 9. When the power is switched on, the current drawn by RST is the 
difference between Vcc and the capacitor voltage, and decreases from Vc as the capacitor charges. 
The larger the capacitor, the more slowly Vyst decreases. Vast must remain above the lower 
threshold of the Schmitt trigger long enough to effect a complete reset. The time required is the 
oscillator start-up time, plus 2 machine cycles. 


Vec 
Voc 


10 uF C= MAB8031AH 
MAB8051AH. 


7293504 


Fig. 9 Power-on reset. 
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INSTRUCTION SET 


The MAB8051AH uses a powerful instruction set to allow expansion of on-chip CPU peripherals and to 
optimize byte efficiency and execution speed. Reassigned opcodes add new high-power operations 

and permit new addressing modes to make old operations more orthogonal. The instruction set _ 
consists of 49 single-byte, 45 two-byte and 17 three-byte instructions. When using a 12 MHz oscillator, 
64 instructions execute in 1 us and 45 instructions execute in 2 us. Multiply and divide instructions 
execute in 4 us. 


Table 1 Instruction set description 


mnemonic 


Arithmetic operation 


ADD 
ADD 
ADD 
ADD 
ADDC 
ADDC 
ADDC 
ADDC 
SUBB 
SUBB 
SUBB 
SUBB 
INC 
INC 
INC 
INC 
DEC 
DEC 
DEC 
DEC 
INC 
MUL 
DIV 
DA 


A,Rr 
A,direct 
A,QRi 
A,#data 
A,Rr 
A,direct 
A,QRi 
A,#data 
A,Rr 
A,direct 
A,@Ri 
A,#data 
A 

Rr 
direct 
@Ri 

A 

Rr 
direct 
@Ri 
DPTR 
AB 

AB 

A 
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description 


bytes/ | opcode 
cycles (hex.) 


Add register to A 

Add direct byte to A 
Add indirect RAM to A 
Add immediate data to A 


Add register to A with carry flag 
Add direct byte to A with carry flag 

Add indirect RAM to A with carry flag 

Add immediate data to A with carry flag 
Subtract register from A with borrow 
Subtract direct byte from A with borrow 
Subtract indirect RAM from A with borrow 
Subtract immediate data from A with borrow 


Increment A 
Increment register 
Increment direct byte 


Increment indirect RAM 


Decrement A 


Decrement register 
Decrement direct byte 
Decrement indirect RAM 
Increment data pointer 
Multiply A&B 

Divide A by B 

Decimal adjust A 
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mnemonic 


Logic operations 


ANL 
ANL 
ANL 
ANL 
ANL 
ANL 
ORL 
ORL 
ORL 
ORL 
ORL 
ORL 
XRL 
XRL 
XRL 
XRL 
XRL 
XRL 
CLR 
CPL 
RL 
RLC 
RR 
RRC 
SWAP 


A,Rr 
A,direct 
A,@Ri 
A,#data 
direct,A 
direct,#data 
A,Rr 
A,direct 
A,@Ri 
A,#data 
direct,A 
direct,#data 
A,Rr 
A,direct 
A,@Ri 
A,#data 
direct, A 
direct,#data 


A 
A 
A 
A 
A 
A 
A 


description 


AND register to A 

AND direct byte to A 

AND indirect RAM to A 

AND immediate data to A 

AND A to direct byte 

AND immediate data to direct byte 
OR register to A 

OR direct byte to A 

OR indirect RAM to A 

OR immediate data to A 

OR A to direct byte 

OR immediate data to direct byte 
Exclusive-OR register to A 
Exclusive-OR direct byte to A 
Exclusive-OR indirect RAM to A 
Exclusive-OR immediate data to A 
Exclusive-OR to direct byte 
Exclusive-OR immediate data to direct byte 
Clear A 

Complement A 

Rotate A left 

Rotate A left through the carry flag 
Rotate A right 

Rotate A right through the carry flag 
Swap nibbles within A 


bytes/ | 


cycles 


pj” = = =@= = SB B WN NY HH NY ]H] WN NM | NH = WNH NH | DY — 
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* 


November 1986 


opcode | 


51 


52 


MAB8031AH 
MAB8051AH 


INSTRUCTION SET (continued) 


mnemonic description 


Data transfer 


Mov** 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
| MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOVC 
MOVC 
MOVX 
MOVX 
MOVX 
MOVX 
PUSH 
POP 
XCH 


A,Rr 

A, direct 
A,@Ri 
A,#data 
Rr,A 
Rr,direct 


_ Rr,#data 


direct,A 
direct,Rr 
direct,direct 
direct,@Ri 
direct,#data 
@Ri,A 
@Ri,direct 
@Ri,#data 


DPTR,#data16 


A,@A+DPTR 
A,@A+PC 
A,@Ri 
A,@DPTR 
@Ri,A 
@DPTR,A 
direct 
direct 
A,Rr 
A,direct 
A,@Ri 
A,QRi 


Move register to A 
Move direct byte to A 

Move indirect RAM to A 
Move immediate data to A 
Move A to register 


Move direct byte to register 

Move immediate data to register 
Move A to direct byte 

Move register to direct byte 

Move direct byte to direct 

Move indirect RAM to direct byte 
Move immediate data to direct byte 
Move A to indirect RAM 
Move direct byte to indirect RAM 
Move immediate data to indirect RAM 
Load data pointer with a 16-bit constant 
Move code byte relative to DPTR toA 
Move code byte relative to PC to A 
Move external RAM (8-bit address) to A 
Move external RAM (16-bit address) to A 
Move A to external RAM (8-bit address) 
Move A to external RAM (16-bit address) 
Push direct byte onto stack 


Pop direct byte from stack 
Exchange register with A 
Exchange direct byte with A 
Exchange indirect RAM with A 


** MOV A,ACC not valid instruction. 
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Exchange LOW-order digit indirect RAM with A 


bytes/ 
cycles 


= = MO = NM NYO | | | HS HSB KH WNHONYN HB WH WNHN NY NY KH VY HY VN - 


= = |= =A NNNNNNNNN FAN ANNNN A= AN |@ SF | A= A 


opcode 
(hex.) 


E* 
E5 

E6, E7 
74 

E* 

A* 

7* 

F5 

g* 

85 

86, 87 
75 

F6, F7 
A6, A7 
76, 77 
90 
93 
83 

E2, £3 
EQ 

F2, F3 
FO 

Co 

DO 

ce 

C5 

C6, C7 
D6, D7 
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mnemonic description bytes/ | opcode 
| cycles (hex.) 


Boolean variable manipulation 


Single-chip 8-bit microcontroller 


CLR C Clear carry flag 1 1 C3 
CLR i Clear direct bit 2 1 C2 
SETB Set carry flag 1 1 D3 
SETB i Set direct bit 2 1 D2 
CPL Complement carry flag 1 14 B3 
CPL i Complement direct bit 2 1 B2 
ANL C,bit AND direct bit to carry flag 2 2 82 
ANL C,/bit AND complement of direct bit to carry flag 2 2 BO 
ORL C,bit OR direct bit to carry flag 2 2 72 
ORL C,/bit OR complement of direct bit to carry flag 2 2 AO 
MOV C,bit Move direct bit to carry flag 2 1 A2 
MOV bit,C _|Move carry flag to direct bit 2 2 92 
Program and machine control 
ACALL  addr11 Absolute subroutine call 2°22 @1addr 
LCALL  addr16 Long subroutine call 3 2 12 
RET Return from subroutine 1 2 22 
RET1 Return from interrupt t 2 32 
AJMP addr11 Absolute jump 2 2 Aladdr 
LJMP addr16 Long jump 13 2 02 
SJMP rel Short jump (relative address) 2 2 80 
JMP @A+DPTR Jump indirect relative to the DPTR 1 2 73 
JZ rel Jump if A is zero 2 2 60 
JNZ rel Jump if A is not zero 2 2 70 
JC rel Jump if carry flag is set 2 2 40 
JNC rel Jump if no carry flag 2:2 50 
JB bit,rel Jump if direct bit is set 3 2 | 20 
JNB bit,rel Jump if direct bit is not set 3 2 30 
JBC bit,rel Jump if direct bit is set and clear bit 3 2 10 
CJNE A,direct,rel Compare direct to A and jump if not equal 3 22 B5 
CJNE A,#data,rel | Compare immediate to A and jump if notequal |}3 2 B4 
CJNE Rr,#data,rel Compare immed. to reg. and jump if not equal |3 2 B* 
CJNE @Ri,#data, rel Compare immed. to ind. and jump if not equal | 3 2 B6, B7 
DJNZ Rr,rel Decrement register and jump if not 2ro 2. 2 D* 
DJNZ direct,rel Decrement direct and jump if ne: z-ro 3.2 D5 
1: 4 00 


NOP No operation 
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Notes to Table 1 
Data addressing modes 


Rr Working register RO-R7. 

direct 128 internal RAM locations and any special function register (SFR). 
@Ri Indirect internal RAM location addressed by register RO or R1. 
#data 8-bit constant included in instruction. 

#data16 —- 16-bit constant included as bytes 2 and 3 of instruction. 

bit Direct addressed bit in internal RAM or SFR. 


addr16 16-bit destination address, Used by LCALL and LJMP. The branch will be anywhere 
within the 64 K-byte program memory address space. | 


addr11 11-bit destination address. Used by ACALL and AJMP. The branch will be within the 
same 2 K-byte page of program memory as the first byte of the following instruction. 


rel Signed (two’s complement) 8-bit offset byte. Used by SJMP and all conditional jumps. 
Range is —128 to + 127 bytes relative to first byte of the following instruction. 


Hexadecimal opcode cross-reference to Table 2 
*; 8,9,A, B,C, D,E,F.. . 

e: 11,31, 51, 71, 91, B1, D1, F1. 

4: O01, 21, 41, 61, 81, A1, C1, E1. 
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Table 2 Instruction map 


— hexadecimal chacter of opcode second hexadecimal character of opcode 
3 jet? [aio {a ljeic [oa [ele | 
NOP AJMP LJMP RRA INCA INC INC @Ri INC Rr 
page O addr16 dir 0 1 0/1 2 3;4 | 5 7 
JBC ACALL | LCALL | RRCA DECA DEC DEC @Ri DEC Rr 
bit, addr8 page O addr16 dir 0 1 0/1 2 
2 | JB AJMP RET ADD ADD ADD A,@QRi ADD A,Rr 
bit, addr8 page 1 A,#data A,dir 0 1 0|1 2 
3 | JNB ACALL | RET1 RLCA ADDC ADDC ADDC A,@Ri 
bit, addr8 page 1 
4; JC AJMP ORL ORL 
addr8 page 2 dir,A dir,#data 
5 
6 


i 
i 


RLA 


wo 

S 

ol 

~ 
49]]04JUOIOIIIW J1G-g diys-ajbuis 


A,#data A,dir 0 
JNC ACALL | ANL ANL 
addr8 page 2 dir,A dir, #data 


; 0} 1 2 
ORL ORL ORL A,QRi ORLA,Rr 
A,#data A,dir 0 0/1 2 
ANL ANL A,@Ri ANL A,Rr 
A dir 0 Oi 4). 122 
JZ AJMP XRL XRL 
addr8 page 3 dir,A dir,#data 
7 JNZ ACALL | ORL JMP MOV 
addr8 page 3 C, bit @A+DPTR A,#data 


1 
1 
ANL 
1 
XRL XRL A,QRi XRLA,Rr | 
A,dir 0 1 O11 1/2 4/3/4 |5 7 
: SJMP AJMP ANL MOVC DIV 
addr8 page 4 C,bit A,@A+PC AB 1 
1 
1 


A,#data 
XRL F 
MOV MOV @Ri,#data MOV Rr,#data 
dir,#data | O 1 O;|1 | 2 
MOV MOV dir,@Ri MOV dir,Rr 
dir,dir 0 0/1 2 
MOV DPTR, | ACALL | MOV MOVC SUBB SUBB SUBB A,@Ri SUBB A,Rr 
#data 16 page 4 bit,C A,@A+DPTR | A,#data A,dir 0 0} 1 2 13 5 7 
A| ORL AJMP MOV INC MUL MOV @Ri,dir MOV Rr,dir 
C,/bit page 5 C,bit DPTR 0 0/1 2 7 
ANL ACALL | CPL CPLC CJNE A, CJNE CJNE @Ri,#data, adar8 | CUNE Rr,#data, adars 
C,/bit page 5 bit | #data,adar8|} A,dir,addrs| O 1 | 7 


SWAP 


A,#data 


ee) 


> C | PUSH AJMP CLR CLRC 

Q dir page 6 bit A 3 ;4 | 5 7 
3 POP ACALL | SETB SETB DAA DJNZ Rr, addr8 | 

® dir page6 | bit | C O14 2. 13.)4 1S 7 
© EF) MOVxX  AIMP | MOV A,@RI CLRA 

© i os 

ee : 


MOV A,Rr | | 
0/1 2 13/4 | 5 7 


MOV Rr,A 
0; 1 oe | 3} 4 eee ee 


A@DPTR | _pag 


MOVX 
@DPTR,A 


0 4 
ACALL | MOVX @RiA CPLA 
0 


page / | 


z= 
> > 
WO W 
© ©O 
OO 
Ol Go 
>> 
Sag 


GG 


paver weene 
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 MAB8051AH 


RATINGS | 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
{nput voltage on any pin | 


with respect to ground (Vss) | 7 | Vy a | —0,5 to+7 V 
Total power dissipation - | | | Prot max. § 1W 
Input, output current 7 | ttlo max. 10 mA 

: Storage temperature range | Tstg —65 to + 150 °C 
‘Operating ambient temperature range tak hg ak Ying a 2 
~ MAB8031/51AH | Tamb Oto +70 °C 

‘MAF8031/51AH | Te ~40 to +85 °C. 
MAF80A31/51AH een —40 to + 100 °C 


D.C. CHARACTERISTICS (MAB8031/51AH) 
Vec = 5 V (+ 10%); Vgg = 0 V; Tamb = 0 to + 70 °C; all voltages with respect to Vos unless otherwise 


specified 
parameter max 
Supply current 160 
Supply current (optional) 20 
Inputs. 
Input voltage LOW 0,8 
Input voltage HIGH all 
inputs except RST 
and XTAL 2 Veco + 0,5 
Input voltage HIGH to 
RST and XTAL 2 XTAL 1 to Vss 
Outputs 
Output voltage LOW 
(Ports 1, 2, 3) (note 1) 0,45 lo. = 1,6 mA 
Output voltage LOW 
(Port 0, ALE, PSEN) 
{note 1) 0,45 loL1=3,2 mA 
Output voltage HIGH 
(Port 1, 2, 3) IOH = —80 uA 
Output voltage HIGH 
(Port 0, ALE, PSEN) IOH1 = —400 pA 
Input leakage current 
(Port O, EA) 10 Vss<Vi<Vec 
Input current HIGH 
(RST) 500 Vi=Vec-1,5 V 
current logic O 
(Ports 1, 2, 3) —800 Vit = 0,45 V 
Input current logic 0 —2,5 Vit = 0,45 V; 
(XTAL 2) XTAL 1 to Vsg 
Capacitance of I/O 10 fo = 1 MHz; 
buffer Tamb = 25 OC 
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Single-chip 8-bit microcontroller 


D.C. CHARACTERISTICS (MAF8031/51AH; MAF80A31/51AH) 


Vcc =5 V (+ 10%); Vss = 0 V; Tamb = —40 to + 85 OC (MAF8031/51AH), —40 to + 100 OC 
(MAF80A31/51AH); all voltages with respect to Vss unless otherwise specified 


en a 


Supply current 


Inputs 


Input voltage LOW 0,8 V 
Input voltage HIGH all 
inputs except RST 
and XTAL 2 Veco + 0,5 V 
Input voltage HIGH to 
RST and XTAL 2 V XTAL 1 to Vss 


Outputs 


Output voltage LOW 

(Ports 1, 2, 3) (note 1) 0,45 V lor = 1,2 mA 
Output voltage LOW 

(Port 0, ALE, PSEN) 

(note 1) 0,45 V lol1=2,4mA 
Output voltage HIGH 

(Port 1, 2, 3) Vv. loy = —50 pA 
Output voltage HIGH 

(Port 0, ALE PSEN) V lIOH1 = —360 vA 
Input leakage current | 

(Port 0, EA) + 10 uA Vos <V1<Vec 
Input current HIGH 

(RST) 500 LA Vi =Vec—-1,5 V 

current logic 0 

(Ports 1, 2, 3) —800 pA Vip = 0,45 V. 
Input current logic O —3,0 mA Vip = 0,45 V; 

(XTAL 2) XTAL 1 to Vss 
Capacitance of I/O 10 pF fe = 1 MHz; 

buffer Tamb = 25 °C 


Note 1 


Vo _ ts degraded when the MAB8051AH rapidly discharges external capacitance. 
This a.c. noise is most pronounced during emission of address data. When using external memory, locate 
the latch or buffer as close to the MAB8051AH as possible. 


emitting time slot degraded 
ports interval 1/0 lines 
P2, PO TS3, TS9 P1,P3 


address 


write data 
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A.C. CHARACTERISTICS (note 1) | | 
Vcc =5 V £ 10%; Vss = 0 V; Tamb = 0 to + 70 °C; Cy = 100 pF (Port 0, ALE and PSEN); C, =80 pF 
all other outputs unless otherwise specified (see waveforms Figs 7, 8 and 9). 


| 10MHz | 12MHz__ | variable clock (note 2) 
parameter symbol unit 
ae [mT 


Program memory 


ALE pulse duration | tui 


Address set-up 
time to ALE 
Address hold time 
after ALE 
Time from ALE to 
| valid instruction 
input 4tc«—100 
Time from ALE to 
control pulse PSEN 


Control pulse 
duration PSEN 
Time from PSEN to 
valid instruction 
input | 3teK—-125 
Input instruction 
hold time after 
PSEN 

Input instruction 
float delay after 
PSEN (note 3) 
Address valid 

after PSEN (note 3) 


Address to valid 
instruction input — | StcK—115 


Address float time 


to PSEN 
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8 MHz 10 MHz 12 MHz_ | variable clock (note 2) ene 
unit 


parameter symbol 


External data memory 
RD pulse duration 6tcK—100 
WR pulse duration 6tcK —100 


Address hold time 
after ALE tcK—35 


RD to valid data input — 5tcK—165 


Data hold time 

after RD 

Data float delay 

after RD 2tcK—/0 
Time from ALE to 

valid data input 8tcK—150 
Address to valid 

data input 9tcK—165 
Time from ALE to 

RD or WR 3tceK—50 | 3tcK +50 
Time from address | 

to RD or WR 4tcK—130 

Time from RD or WR 

HIGH to ALE HIGH tcK—40 


Data valid to WR 
transition tcK—60 


Single-chip 8-bit microcontroller 


Data set-up time 

before WR 7tcK—150 
Data hold time 

after WR tcK—50 


Address float delay 
after RD se 


Notes to the a.c. characteristics 


1. Tamb for MAF8031AH/MAF8051AH is —40 to 85 °C; 
for MAF80A31AH/MAF80A51AH is —40 to 100 9C. . 
The clock frequencies applicable to each device are as follows: | — 


clock frequency (MHz) 


device 
| 8 [0 | 12 | 18 | 


MAB8031AH 
MAB8051 AH 
MAF8031AH 
MAF8051AH 
MAF80A31AH 
MAF80A51 AH 


2. 1/tcK = 3,5 to 15 MHz (see Fig. 11 and Table 3). 


3. Interfacing the MAB8051AH to devices with float times up to 75 ns is permitted. This limited bus 
contention will not cause damage to port O drivers. 
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2,0V 2,0V 
24V 


0,45V 


test points 


~ (a) 


2,4V 2,4V 


0,45V 0,45V 


(b) | 7Z87542 


A.C. testing inputs are driven at 2,4 V for a logic 1 and 0,45 V for a logic 0. Timing measurements are 
taken at 2,0 V for a logic 1 and 0,8 V for logic 0. The float state is defined as the point at which a 
. Port 0 pin sinks 3,2 mA or sources 400 yA at the voltage test levels. | 


Fig. 10 A.C. testing input, output waveform (a) and float waveform (b). 


7287543 


Fig. 11 External clock drive XTAL 2 (see Table 3). 


Table 3 External clock drive XTAL 2 (see Fig. 11) 


variable clock 
(f = 3,5 to 15 MHz) 
parameter symbol | min. max. 


oscillator clock period 

HIGH time tcK-tLOW 
LOW time tcK-tHIGH 
rise time 3 20 

fall time | 20 
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Single-chip 8-bit microcontroller 


ALE 


PSEN 


PORTO 


PORT 2 


ALE 


PSEN 


PORT O 


PORT 2 


MAB8031AH 
MAB8051AH 


a ga ee ee 


~e— ty | —»|=_____- tL) y > 


pe <tarc a 
<«tra> 


=| FAL =I CV 


(coowners 


4 address AD8 to AD15 or 4 address AD8 to AD15 or. 
special function registers (SFR) special function registers (SFR) 


7287549 


Fig. 12 Read from program memory. 


=) WHE 
a a tip i 


<—_—_—_— t_w ————__» |< _______--____ trap — 
ad <-tprR> 
—!_—_—__——— taw ———__~ |«+- trp --~> tpR —» <— 


4 ADO to AD7 Lp 4 aucainoll: Ree 


address AD8 to AD15 or special function registers (SFR) 


7287550. 


‘Fig. 13 Read from data memory. 
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—| 'WHLH [*— 


ALE 


PSEN 


WR 


t = taw pare cantemeneer eee 
| ——— towx ee 


«<_—tia— >| <_—————_____ tow —— |< tw ——> 


PORT 2 | address AD8 to AD15 or special function registers (SFR) 


7287551 


Fig. 14 Write to data memory. 
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<—______—_——-—- one machine cycle —————_________» |+__________Y__—- one machine cycle —————__—_—___—_» 


| 7) 
S1 $2 $3 $4 S5 | S6 S1 $2 | $3 | S4 S5 S6 i 
P1 P2 |P1 p2 |P1 P2 |P1 P2 |p1 P2 |P1 P2 |P1 P2 |P1 P2 jP1 P2 |P1 P2 |P1 P2 |P1 P2 = 

XTAL1 
INPUT <= o 
x] 
& 
oy 
yak 

ALE 3 
oO 

= 

° 

© 

} 

— > 

EN 

PS o 
o 

= 


POR tO) data |float| address float {data|float} address float |data]}float| address float jdata|float} address float 
external 
program 
memory 
fetch 


i EXTERNAL) ee address transitions 
OUTPUT oldidey new data 

PORT 

INPUT 


sampling time of |/O port pins during input (including INTO and INT1) 


SERIAL 
PORT 
(SHIFT CLOCK) 7Z87552.1 


Fig. 15 Instruction cycle timing. 
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DEVELOPMENT DATA 
This data sheet contains advance information and MAB803 2AH 


specifications are subject to change without notice. MAB805 OAH 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 


The MAB8052AH is a member of the MAB8051AH family with a higher performance. This single-chip 
8-bit microcontroller is manufactured in an advanced 2 4 NMOS process. For this version the following 
members exist: 


@e MAB8032AH: ROM-less version of the MAB8052AH 
@ MAB8052AH: 8 K bytes mask programmable ROM, 256 bytes RAM 


Both types are available in 12 MHz versions. In the following, the generic term ‘‘MAB8052AH” is used 
to refer to both family members. 


The device provides hardware features, architectural enhancements and new instructions to function as 
a controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K bytes of 
data storage. 


The MAB8052AH contains a non-volatile 8 K x 8 read-only program memory (not ROM-less version) ; 

a volatile 256 x 8 read/write data memory; 32 I/O lines; three 16-bit timer/event counters; a six-source, 
two-priority-level, nested interrupt structure; a serial 1/O port for either multi-processor communications, 
|/O expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems that require 
extra capability, the MAB8052AH can be expanded using standard TTL compatible memories and logic. 


The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of 255 instructions; 44% one-byte, 41% two- 
byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 us and 40% 
in 2 us. Multiply and divide instructions require 4 us. 

For furthe: detailed information see users manual ‘single-chip 8-bit microcontrollers’, 


Features 


® 8K x8 ROM (8052AH only), 256 x 8 RAM 
® Four 8-bit ports, 32 I/O lines 
Three 16-bit timer/event counters 
Full-duplex serial port 
External memory expandable to 128 K 
Boolean processing 
218 bit-addressable locations 
On-chip oscillator 
Six-source interrupt structure with two priority levels 
58% of instructions executed in 1 us; multiply and divide in 4 ys 
Enhanced architecture with: 
non-page-oriented instructions 
direct addressing | 
four 8-bit register banks 
stack depth up to 128-bytes 
multiply, divide, substract and compare 
@ Upward compatible with MAB8031AH/8051AH 
@ Extended temperature range (—40 to +100 °C) in preparation 


PACKAGE OUTLINE 
MAB8032/52AHP: 40-lead DIL, plastic (SOT-129). 
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Fig. 1 Block diagram. 
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Single-chip 8-bit microcontroller 
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Fig. 2 Functional diagram. 
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P1. 
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TXD/clock P3. 
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Fig. 3 Pinning diagram. 
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PINNING 


1-8 P1.0-P1.7 Port 1: 8-bit quasi-bidirectional |/O port. It receives the low-order address byte 
during program verification. Port 1 can sink/source four LS TTL (= 1TTL) inputs. 
It can drive MOS inputs without external pull-ups. Pins 1 and 2 also supply 
alternative functions T2 and T2EX. T2 is the counter trigger input for timer 2; 
T2EX the external input to timer 2. Operation of the alternative functions is 
determined by the relevant output latch programmed to logic 1. 


9 RST: a high level on this pin for two machine cycles while the oscillator is 
running resets the device. An internal pulldown permits Power-On reset using 
only a capacitor connected to Vcc (see Fig. 18). 

10-17. P3.0-P3.7 Port 3: 8-bit quasi-bidirectional !/O port with internal pull-ups. It also serves 
the following alternative functions: 


Port pin Alternative function 
P3.0 RXD/data: serial port receiver data input (asynchronous) or data 
input/output (synchronous) 
P3.1 TXD/clock: serial port transmitter data output (asynchronous) 
or clock output (synchronous) 
P3.2 INTO: external interrupt 0 or gate control input for timer/event 
< counter O 
> P3.3 INTI: external interrupt 1 or gate control input for timer/event 
Q counter 1 
5 P3.4 TO : external input for timer/event counter O 
Lu ; 
s P3.5 T1 : external input for timer/event counter 1 
a. eee 
° P3.6 WR: external data memory write strobe 
S P3.7 RD: external data memory read strobe 
ra} Operation of an alternative function is determined by the relevant output latch 


programmed to logic 1. Port 3 can sink/source four LS TTL inputs. It can drive 
MOS inputs without external pull-ups. 


18 XTAL 2 Crystal input 2: output of the inverting amplifier that forms the oscillator, and 
input to the internal clock generator. Receives the external oscillator signal 
when an external oscillator is used (see figures 15 and 16). 


19 XTAL 1 Crystal input 1: input to the inverting amplifier that forms the oscillator. 
Connected to Vss when an external oscillator is used. 


20 Vss Ground: circuit earth potential. 


21-28 P2.0-P2.7 Port 2: 8-bit quais-bidirectional |/O port with internal pull-ups. It emits the 
high-order address byte when accessing external memory. It also receives the 
high-order address bits and control signals during program verification. Port 2 
can sink/source four LS TTL inputs. It can drive MOS inputs without external 

| pull-ups. . 

29 PSEN Program Store Enable output: read strobe to the external Program Memory. 
It is activated twice each machine cycle during fetches from external Program 
Memory. When executing out of external Program Memory two activations of 
PSEN are skipped during each access to external Data Memory. PSEN is not 
activated (remains HIGH) during fetches from internal Program Memory. 
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PINNING (continued) 


30 ALE _ Address Latch Enable output: latches the low byte of the address during 
accesses to external memory in normal operation. It is activated every six 
oscillator periods except during an external data memory addess. 


31 EA When EA is held at a TTL high level the CPU executes out of the internal 
Program Memory (ROM), provided the Program Counter is less than 8192. 
When EA is held at a TTL low level the CPU executes out of external Program 
Memory. EA does not float. 


32-39 PO0O.7-P0.0 Port 0: 8-bit open drain bidirectional |/O port. It is also the multiplexed low- 
order address and data bus during accesses to external memory (during these 
accesses it activates internall pull-ups). It also outputs instruction bytes during 
program verification. (External pull-ups are required during program verification). 
Port O can sink (and in bus operations can source) eight LS TTL inputs. 


40 Vcc Power Supply: + 5 V power supply pin during normal operation. 
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As the MAB8052AH is based on the MAB8051 the following pages are a description of the additional 
features. 


MEMORIES (see Fig. 4) 


ROM: 8 K bytes mask programmable. An external ROM is accessed up to 64 K to accommodate an 
address higher than 8191. 


RAM: 256 bytes (on-chip) plus special function registers detailed in Table 1. 


64K 


64K [— 


EXTERNAL 


ag}. 
<< 
~ 
A 
ow OVERLAPPED 
a SPACE 
= F 
a INTERNAL EXTERNAL SPECIAL 
O (EA=1) (EA =0) FUNCTION 
_! | REGISTERS | 
S INTERNAL 
fu DATA RAM 
ra 0 0 | 0 
PROGRAM MEMORY INTERNAL EXTERNAL 
DATA MEMORY DATA 
7296495 MEMORY 
Where: = 


The internal data memory locations are addressable direct/indirect as follows: 


RAM 0 to 127 direct and indirect 
RAM 128 to 255 indirect only 
SFR 128 to 255 direct only 


Fig. 4 Memory map. 
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SPECIAL FUNCTION REGISTERS 
Table 1 Special Function Registers (SFR) | 


PO* 
P1* 

p2* 

P3* 

IP* 

IE* 
TMOD 
T2CON* 
TCON 
THO 
TLO 
TH1 
Tis 
TH2 
TL2 
RCAP2H 


RCAP2L 


SCON* 
SBUF 
PCON 


Where 


H = Hexadecimal 


B = Binary 


| 


accumulator 
B register 
program status word 
stack pointer 
data pointer 
DPH 
DPL 
port O 
port 1 
port 2 
port 3 
interrupt priority control 


interrupt enable control 


timer/counter mode control | 


timer/counter 2 control 


timer/counter control 


timer/counter 0 (high byte) © | 
timer/cou nter 0 (low byte) ~ 
timer/counter 1 (high byte) . 


timer/counter 1 (low byte) 


timer/counter 2 (high byte) 


timer/counter 2 (low byte) ~ 


timer/counter 2 capture 
register (high byte) 


timer/counter 2 capture 
register (low byte) 


serial control 
serial data buffer 


power control 


* Registers are both byte and bit addressable. | 
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OOH 
OOH 
07H 


OOOOH 
OOOOH 
OFFH 
OFFH 
OFFH 


OFFH 


XX000000B 
0X000000B 
OOH 
OOH 
OOH 
OOH 


OOH - 


OOH 
OOH 
OOH 
OOH 


OOH 


OOH 

OOH 
indeterminate 
OXXXXXXXB 
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T2CON 


Special Function Register T2CON is the timer/counter 2 control register. T2CON contains the control 
and status bits shown in Fig. 5 and described in Table 2. 


MSB LSB 
EXF2 RCLK TCLK | EXEN2 C/T2 | CP/RL2 


7297317 
Fig. 5 Timer/counter 2 control register (T2CON). 


Table 2 T2CON: Control and status bits 


T2CON.7 | Timer 2 overflow flag | Set by a Timer 2 overflow and must be cleared by 
software. TF2 will not be set when either RCLK = 1 
or TCLK = 1. 

Set when either a capture or reload is caused by a 
negative transition on T2EX and EXEN2 = 1. When 

Timer 2 interrupt is enabled, EXF2 = 1 will cause the 
CPU to vector to the Timer 2 interrupt routine. 
EXF2 must be cleared by software. 

When set, causes the serial port to use Timer 2 over: 

flow pulses for its receive clock in modes 1 and 3. 
RCLK = 0 causes Timer 1 overflow to be used for 

the receive clock. 

When set causes the serial port to use Timer 2 over- 

flow pulses for its transmit clock in modes 1 and 3. 

TCLK = O causes Timer 1 overflows to be used for 

the transmit clock. 

When set allows a capture or reload to occur as a 

result of a negative transition on T2EX if Timer 2 

is not being used to clock the serial port. EXEN2=0 

causes Timer 2 to ignore events at T2EX. 

A logic 1 starts the timer. 


T2CON.6 | Timer 2 external flag 


T2CON.5 | Receive clock flag 


T2CON.4 | Transmit clock flag 


Timer 2 external 
enable flag 


T2CON.3 


TR2 T2CON.2 | Start/stop control 
for timer 2 

Time or counter 
select (timer 2) 


Capture/reload flag 


O = internal timer (OSC/12) 

1 = external event counter (falling edge triggered) 
When set capture will occur on negative transitions 
at T2EX if EXEN2 = 1. When cleared automatic 
reloads will occur either with Timer 2 overflows or 
negative transitions at T2EX when EXEN2 = 1. 
When either RCLK = 1 or TCLK = 1, this bit is 
ignored and the timer is forced to automatic-reload 
on Timer 2 overflow. 


C/T2 T2CON.1 


CP/RL2 | T2CON.0O 


1] January 1986 


73 


MAB8032AH 
MAB8052AH 


74 


SPECIAL FUNCTION REGISTERS (continued) 


TH2; TL2 


Timer/counter 2 (high byte); Timer/counter 2 (low byte) are the register pair for the 16-bit counting 
of timer/counter 2. 


RCAP2H; RCAP2L 


Timer/counter 2 capture (high byte); Timer/counter 2 capture (low byte) are the register pair for the 
“capture mode” of Timer 2. In this mode, a signal at T2EX initiates a copy of TH2 and TL2 into 
RCAP2H and RCAP2L. Timer 2 also has an automatic-reload mode. RCAP2H and RCAP2L hold the 
reload value for this mode. 


T2CON 


Timer 2 is 16-bit and operates the same as Timer O and Timer 1. The operating mode is selected by the 
T2CON register. Table 3 shows the operating modes of Timer 2. 


Table 3 Timer 2 operating modes. 


RCLK+TCLK | CP/RL2 TR2 


16-bit automatic-reload 
16-bit capture 

baud rate generator 

off 


Where 


X = don’t care. 


Capture mode (see Fig. 6) 


In the capture mode there are two options. which are selected by bit EXEN2 in T2CON. If EXEN2 = 0, 
then Timer 2 is a 16-bit timer or counter which on overflow will set bit TF2 (Timer 2 overflow bit). 

TF2 can be used to generate an interrupt. If EXEN2 = 1, Timer 2 operates as for EXEN2 = 0 with the 
added feature that a 1-to-0 transition at the external inout T2EX causes the current value in the Timer 2 
registers (TL2 and TH2) to be captured into registers RCAP2L and RCAP2H respectively. The 1-to-0 
transition of T2EX also causes bit EXF2 in T2CON to be set. EXF2 can be used to generate an interrupt. 


Automatic-reload mode (see Fig. 7) 


In the automatic-reload mode there are two options which are selected by bit EXEN2 in T2CON. If 
EXEN2 = 0, when Timer 2 overflows it sets TF2 and causes the Timer 2 registers to be reloaded with 
the 16-bit value in registers RCAP2L and RCAP2H, which are preset by software. If EXEN2 = 1, 
Timer 2 operates as for EXEN2 = 0 with the added feature that a 1-to-0 transition at the external input 
T2EX triggers the 16-bit reload and sets EXF2. 


Baud rate generator mode (see Fig. 8) 


The baud rate generator mode is selected by RCLK = 1 and/or TCLK = 1 in T2CON. Thus baud rates 
for transmit and receive can be simultaneously different. This mode is described in conjunction with the 
serial port. | 
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TL2 TH2 
a (8-BITS) (8-BITS) Tre 
C/T2=1 
T2 PIN sel] CONTROL ez | 
TR2 my | \f 
CAPTURE fl i > aa 
: J INTERRUPT 
RCAP2L 
TRANSITION HEARSE 
DETECTOR 
CONTROL 
EXEN2 Fig. 6 Timer 2 in capture mode. 
eizey TL2 TH2 
ee ik os (8-BITS) (8-BITS) 
f C/T2=1 | 
T2 PIN CONTROL A A 
= IX —-1\ 
RELOAD ane ai 
RCAP2L RCAP2H 
TRANSITION = 
DETECTOR 
ie, TIMER 2 
INTERRUPT 
T2EX PIN & Oo © -— exe? | 
| CONTROL 
Fig. 7 Timer 2 in automatic-reload mode. 
EXEN2 
TIMER 1 
OVERFLOW 


NOTE: OSC. FREQ. IS DIVIDED BY 2, NOT 12. 


(8-BITS) 


TRANSITION 
DETECTOR 


RCAP2L RCAP2H 


“TIMER 2” 
INTERRUPT 


"le NOTE AVAILABILITY OF ADDITIONAL EXTERNAL INTERRUPT 


TL2 TH2 eq? “oO” 


(8-BITS) = 
j J 
| CONTROL he | A 


—~-~— SMOD 
~-— RCLK 

j=t6 | RX CLOCK 
———TCLK 

| 16 | TX CLOCK 


Fig. 8 Timer 2 in baud rate generator mode. 
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TIMER 1 TIMER 2 INTERNAL BUS 
OVERFLOW OVERFLOW 


Rete otal Ee ) >— 1xD 
KEREA 


ZERO DETECTOR ZERO OETECTOR) 


SHIFT DATA 


TX CONTROL 
TXCLOCK 7; SEND 


START 


SERIAL 
PORT 
INTERRUPT 


O 
RCLK —— —— 


1-TO-0 RX CLOCK RI 
DETECTOR START RX CONTROL 


Zt 
BIT 
DETECTOR 


RXD 
LOAD 
SBUF 
| 
READ \ / 
SBUF y 
INTERNAL BUS 
TX 7 | | 
_ CLOCK 


WRITE TO SBUF | 
SEND 
DATA ~S$1P1 


SHIFT 


TRANSMIT 


1 P BIT 
tT  STARTBIT STO 


+16 RESET : 
CC ON a a Ne i 2 I OT 
se pare ba 5 Xe kT STOP BIT 
RECEIVE { SITOETECTORSAMPLE TIMES pga MMM 
SHIFT 3 
a a et tr ee 


Fig. 9 The serial port in mode 1. 
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TIMER 1 TIMER 2 INTERNAL BUS 


OVERFLOW OVERFLOW 


| FJD 10 


TX CONTROL 
TXCLOCK 4, 


SERIAL 
PORT 
INTERRUPT 


RCLK —— —— 
<q 
~_ 
4 
: Zt 
om BIT 
Z DETECTOR — a 
s INPUT SHIFT REG. 
A. (9 BITS) 
o RXD a 
fis LOAD \ / 
BUF 
> SBU 
2 y 
an 
|_| 
READ \ / 
SBUF M 
INTERNAL BUS 
TX 
‘CLOC 
4 WRITE TO SBUF . ervecearee ae 
| SEND f ; 
DATA S1P1 
SHIFT: fl TRANSMIT 
(TYB8_7 STOP BIT 
i I Ns ts tg a te yt ek oe Fae ee 
sess GEN L ae ne ee sewes dtl 
CLOCK y aciacas  , NR (COR NN, PR See en eee 
RXD FT DETECTORS ARTS DO 1b? 03a 7 Te STOP 
Receive( = SAMPLETIMES py ®lm em __ BIT 
SU ees Fes et We Nal or ae el Na te eae ae ate 


Ri ee 


Fig. 10 The serial port in mode 3. 
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INTERRUPTS 
The MAB8052AH has 6 interrupts as shown in Fig. 11. 


INTO; INT1 

The external interrupts INTO and INT 1 can be level-activated or transition-activated dependent on bits 
ITO and IT1 in register TCON. The flags that generate these interrupts are bits IEO and IE1. 

When a transition-activated external interrupt is generated, the interrupt flag is cleared by the on-chip 
hardware when the CPU transfers control to the service routine. If the interrupt is level-activated, the 

request flag is controlled by the external requesting source. 


Timer 0; Timer 1 

The Timer 0 and Timer 1 interrupts are generated by TFO and TF1, which are set by an overflow in 
their respective timer/counter registers. This is not applicable for Timer 0 in mode 3. When a timer 

interrupt is generated, the interrupt flag is cleared by the on-chip hardware when the CPU transfers 
control to the service routine. 


Timer 2 


The interrupt of Timer 2 is generated by the logical OR of TF2 and EXF2. The service routine deter- 
mines whether it was TF2 or EXF2 that generated the interrupt, and the bits are cleared by software. 


i 


Serial port interrupt 


The serial port interrupt is generated by the logical OR of R1 and T1 flags. These flags are not cleared 
by the on-chip hardware when the CPU transfers control to the service routine. The service routine 
determines whether it was R71 or T1 that generated the interrupt, and the bit is cleared by software. 


All of the bits that generate interrupts can be set or cleared by software, with the same result as being 
set or cleared by hardware. Thus interrupts can be generated, or pending interrupts cancelled, by software. 


_ Each of the interrupt sources can be individually enabled or disabled by setting or clearing a bit in 
Special Function Register |E (see Fig. 12 and Table 4). 


Register |E contains a global disable bit (EA) which disables all interrupts simultaneously. 
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TFO 


—— INTERRUPT 
INT1 SOURCES 
TF1 
Tl 
Ri 
EXF2 (8052 ONLY} 
< 
ma Fig. 11 Interrupt sources. 
a 
_ 
< MSB LSB 
= ) oe 
o EA x ET2 ET1 EX1 ETO EXO 
rT 7297318 
> . 
ra Fig. 12 Interrupt enable register (IE). 


Table 4 IE: Control and status bits 


symbol function 


Disables all interrupts. If EA = Ono interrupt will be acknowledged. 


EA 
lf EA=1 each interrupt source is individually enabled or disabled by setting 
or clearing its enable bit. 

_ Reserved. 

ET2 Enables or disables the Timer 2 overflow or capture interrupt. If ET2 = 0 
the Timer 2 interrupt is disabled. 

ES Enables or disables the Serial Port interrupt. If ES = O the Serial Port 
interrupt is disabled. 

ET 1 Enables or disables the Timer 1 overflow interrupt. If ET1 = 0 the Timer 1 
interrupt Is disabled. 

EX1 Enables or disables external interrupt 1. If EX1 = 0 the external interrupt 
is disabled. 

ETO Enables or disables the Timer O overflow interrupt. If ETO = 0 the Timer O 
interrupt is disabled. 

EXO Enables or disables external interrupt.0. If EXO = 0 the external interrupt 


is disabled. 
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INTERRUPTS (continued) 


Priority level structure (see Fig. 13 and Table 5) 


Each interrupt source can be programmed to one of two priority levels by setting or clearing a bit in 
Special Function Register IP. A low-priority interrupt can be interrupted by a high-priority interrupt, 
but not by another low-priority interrupt. A high-priority interrupt cannot be interrupted by any other 


~ interrupt source. 


MSB LSB 


7297319 


Fig. 13 Interrupt priority register (IP). 


Table 5 IP: Control and status bits 


position | function 


IP.7 Reserved. 
IP.6 | Reserved. 
[PD Defines the Timer 2 interrupt priority level. PT2 = 1 programs it to the 


higher priority level. 
IP.4 Defines the Serial Port interrupt priority level. P51 = 1 prograrns it to the 
higher priority level. 
IP.3 Defines the Timer 1 interrupt priority level. PT1 = 1 programs it to the 
higher priority level. 
IP.2 Defines the external interrupt 1 priority level. PX1= 1 programs it to the 
higher priority level. 
IP. 1 Defines the Timer O interrupt priority level. PTO = 1 programs it to the 
| higher priority level. 


IP.0 Defines the external interrupt O priority level. PXO = 1 programs it to the 
higher priority level. 


The interrupt response timing is shown in Fig. 14. The fastest possible response occurs when C2 is the 
final cycle of an instruction other than “‘return from interrupt” instruction (RET1), or an access to 
registers IE or IP. 


@encerere 


IS5P21 $6 
bf INTERRUPTS LONG CALL TO INTERRUPT ROUTINE 
ARE POLLED INTERRUPT 
INTERRUPT INTERRUPT VECTOR ADDRESS 
GOES LATCHED 


ACTIVE 


Fig. 14 Interrupt response timing diagram. 


January 1986 


DEVELOPMENT DATA 


Single-chip 8-bit microcontroller MAB8032AH 
MAB8052AH 


Priority level structure (continued) 


If two requests of different priority levels are received simultaneously, the higher priority request is 
serviced. If requests of the same priority level are received simultaneously, an internal polling sequence 
determines which request is serviced. This second priority structure determined by the polling sequence 
is detailed in Table 6. 


Table 6 Vector addresses by interrupt depending on interrupt source and priority 


number source priority within level vector address 


IEO (highest) 
TFO 

1E1 

TF1 

R1+T1 

TF2+ EXF2 (lowest) 


Ooo r WN — 


OSCILLATOR CIRCUITRY — 


The oscillator circuitry of the MAB8052AH is a single-stage inverting amplifier in a Pierce oscillator 
contiguration. The circuitry has a combination of depletion and enhancement mode MOS FETs to 
produce the inverting characteristics, and passive components. Either a crystal or ceramic resonator 
can be used as the feedback element to complete the oscillator circuitry. XTAL1, pin 19, is the high 
gain amplifier input, and XTAL2, pin 18, is the output (see Fig. 15). 


To drive the MAB8052AH externally, XTAL1 should be connected to ground and XTAL2 driven from 
an external source (see Fig. 16). 


40 pF +10 pF for ceramic resonators 
30 pF +10 pF for crystals 


19 
XTAL 1 N XTAL1 
external clock 18 
XTAL2 (not TTL compatible) XTAL2 
30 pF + 10pF for crystals 
40 pF +10 pF for ceramic resonators 7Z87533 
7Z87532.2 
Fig. 15 MAB8052AH oscillator circuit. Fig. 16 Driving the MAB8052AH from 


an external source. 


ACESS AR FUN OPEN STEM 
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RESET CIRCUITRY 


The reset circuitry for the MAB8052AH is connected to the reset pin, RST, as shown in Fig. 17.A 
Schmitt trigger is used at the input for noise rejection. The output of the Schmitt trigger is sampled 
by the reset circuitry every machine cycle. 


RESET 


RST 
CIRCUITRY 


SCHMITT 
TRIGGER 


7Z290788.1 


Fig. 17 Reset configuration at RST. 


A reset is accomplished by holding the RST pin HIGH for at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The CPU responds by executing an internal reset. It also 
configures the ALE and PSEN pins as inputs. (They are quasi-bidirectional.) The internal reset is executed 
during the second cycle in which RST is HIGH and is repeated every cycle until RST goes LOW. It leaves 
the internal registers as shown in Table 1. 


The internal RAM is not affected by reset. When Vcc is turned on, the RAM content is indeterminate. 


Power-on reset (see Fig. 18) 


When V¢¢ is turned on, and provided its rise-time does not exceed 10 ms, an automatic reset can be 
obtained by connecting the RST pin to Vcc via a 10 uF capacitor. When the power is switched on, the 
current drawn by RST is the difference between Vcc and the capacitor voltage, and decreases from 
Vcc as the capacitor charges through the internal resistor (Rast) to ground. The larger the capacitor, 
the more slowly VpsT decreases. VRgtT must remain above the lower threshold of the Schmitt trigger 
long enough to effect a complete reset. The time required is the oscillator start-up time, plus 2 machine 
cycles. 


Voc 


MAB8032AH 
MAB 8052AH 


7297315 


Fig. 18 Power-on reset. 
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INSTRUCTION SET 


The MAB8052AH uses a powerful instruction set to allow expansion of on-chip CPU peripherals and 
to optimize byte efficiency and execution speed. Reassigned opcodes add new high-power operations 
and permit new addressing modes to make old operations more orthogonal. The instruction set 
consists of 49 single-byte, 45 two-byte and 17 three-byte instructions. When using a 12 MHz oscillator, 
64 instructions execute in 1 ys and 45 instructions execute in 2 ws. Multiply and divide instructions 
execute in 4 us. 


Table 7 Instruction set description 


mnemonic | description bytes/ | opcode 
cycles (hex.) 


Arithmetic operation 


ADD A,Rr Add register to A 1 1 Za 
ADD A, direct Add direct byte to A 2 1 25 
ADD A,@Ri Add indirect RAM to A 1 1 26, 27 
ADD A,#data Add immediate data to A 2 1 24 

- ADDC A,Rr Add register to A with carry flag 1 1 3* | 

a ADDC _A,direct Add direct byte to A with carry flag 2 1 | 35 

= ADDC A,QRi Add indirect RAM to A with carry flag 1 1 36, 37 

rf ADDC A,#data Add immediate data to A with carry flag 2 1 | 34 

= SUBB A,Rr Subtract register from A with borrow 1 1 g* 

7 SUBB A,direct Subtract direct byte from A with borrow 2 1 95 

rf SUBB A,@Ri Subtract indirect RAM from A with borrow 1. 1 96, 97 

5 SUBB A,#data Subtract immediate data from A with borrow | 2. 1 94 
INC A Increment A 1 1 04 
INC Rr Increment register 1 1 O* 
INC direct Increment direct byte 2 1 O05 
INC { increment indirect RAM 1 1 06, 07 
DEC Decrement A 1 1 14 
DEC Decrement register 1 1 1* 
DEC direct Decrement direct byte 2 1 15 
DEC @Ri Decrement indirect RAM 1 1 16, 17 
INC DPTR Increment data pointer 1 2 A3 
MUL AB Multiply A&B 1 4 A4 
DIV AB | Divide A by B 1 4 84 
DA A Decimal adjust A 1 1 
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INSTRUCTION SET (continued) 


mnemonic — - description 


bytes/ | opcode | 
cycles (hex.) 


~ Logic operations | 


84 


ANL 
ANL : 
OANL 
ANE 
2 PANS 
PORL Se: 
| oort 
NRL hs 
XRL 


XRL 


XRL 


CLR 
CPL 
RL 


RR 
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A, #data 
Or a 
: direct, ta = | 
A, Rr be | | 
OA, direct ae 
AGRI 
A, #data 
direct AD 
: direct,#data 


RR 
 A,direct 
~ A,@Ri- 

7 A,#data 3 


direct,A 


direct #tdata : 


A,Rr 


SA, direct | 


A @Ri 


AND register toA 
| AND direct bytetoA 


AND immediate data to A 


ff AND immediate data to direct byte 
7 OR, register toA 
| OR direct byte to A ,. 
| OR indirect RAM to A 
ee OR. immediate data to A. ve 
& OR, A to direct byte - : — ace 
- OR immediate data to direct byte 3 
ek Exclusive-OR register to A. 
| Exclusive-OR direct. byte to A 
_ Exclusive-OR indirect RAM to A 


-Exclusive-OR to direct byte 


AND indirect RAM to A 


AND. A to direct byte a 


Exclusive-OR immediate data to A | 


Exclusive-OR immediate data to direct byte 
Clear A 

Complement A 

Rotate A left 

Rotate A left through the carry flag 

Rotate A right 

Rotate A right through the carry flag 

Swap nibbles within A 
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description bytes/ | opcode 
cycles (hex. ) 


Data transfer 


Single-chip 8-bit microcontroller 


MOV A,Rr Move register to A 1 1 
MOV A,direct ** Move direct byte to A 2 1 
MOV A,QRi Move indirect RAM to A 1 1 
MOV A,#data Move immediate data to A 2 1 
MOV Rr,A Move A to register 1 1 
MOV Rr,direct Move direct byte to register 2 32 
MOV Rr,#data Move immediate data to register 2 1 
MOV direct,A Move A to direct byte 2 1 
MOV direct,Rr Move register to direct byte Oe we 
MOV direct,direct Move direct byte to direct 3S 2 
MOV direct,@Ri Move indirect RAM to direct byte 2 2 
MOV direct,#data Move immediate data to direct byte 3 2 
a MOV @Ri,A Move A to indirect RAM 1 1 
y; MOV @Ri,direct Move direct byte to indirect RAM 2 2 
| MOV @Ri,#data Move immediate data to indirect RAM 2 1 
- MOV DPTR,#data16 Load data pointer with a 16-bit consiant 3 2 
é MOVC  A,@A+DPTR | Move code byte relative to DPTR to A i 2 
ry MOVC A,@A+PC Move code byte relative to PC to A 1 2 
"rf MOVX A,@Ri Move external RAM (8-bit address) to A 1; = 2s 
Q | MOvx  A,@DPTR Move external RAM (16-bit address) to A 12 
MOVX @Ri,A Move A to external RAM (8-bit address) 1 2 
MOVX @DPTR,A Move A to external RAM (16-bit address) 1 2 | 
PUSH direct Push direct byte onto stack 2:2 
POP direct Pop direct byte from stack 2 2 
XCH A,Rr. Exchange register with A 1 1 
XCH A,direct Exchange direct byte with A 2 1 
XCH A,@Ri Exchange indirect RAM with A 1 1 
XCHD A,@Ri Exchange LOW-order digit indirect RAM withAl 1 1 


**MOV A,ACC is not a valid instruction. 
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INSTR UCTION SET (continued) 


mnemonic aerpton bytes/ | opcode 
cycles | (hex.) 


Boolean variable manipulation 


CLR C Clear carry flag 1 1 C3 
CLR bit Clear direct bit 2 1 | C2 
| SETB C Set carry flag 1 1 | D3 
SETB bit Set direct bit 2 1 D2 
CPL Cc Complement carry flag 1 1 B3 
CPL bit Complement direct bit 2 #1 B2 
ANL C,bit AND direct bit to carry flag 2:2 82 
ANL C,/bit AND complement of direct bit to carry flag 2 2 BO 
ORL | C,bit OR direct bit to carry flag | 2 2 72 
ORL C,/bit OR complement of direct bit to carry flag 2 2 AO 
MOV C,bit Move direct bit to carry flag 2 1 A2 
MOV bit,C Move carry flag to direct bit 2 2 92 
Program and machine control 
ACALL ~ addr11 Absolute subroutine call — 2 2 ®@laddr 
LCALL _addr16 Long subroutine call 3 2 12 
RET Return from subroutine 1 2 22 
RET1 Return from interrupt 1 2 32 
AJMP addr11 Absolute jump 2 2 Aladdr 
LJMP addr16 Long jump 3.2 02 
SJMP rel Short jump (relative address) 2 2 80 
JMP @A+DPTR Jump indirect relative to the DPTR 1 2 73 
JZ rel Jump if A is zero 2 2 60 
JNZ rel Jump if A is not zero 2 2 70 
Jc rel Jump if carry flag is set 2 2 40 
JNC rel Jump if no carry flag 2 2 50 
JB bit,rel Jump if direct bit is set 3 2 20 
JNB bit,rel Jump if direct bit is not set 3 2 30 
JBC bit,rel Jump if direct bit is set and clear bit oa 2 10 
CJNE A,direct,re! Compare direct to A and jump if not equal 3. 2 B5 
CJNE A,#data,rel Compare immediate to A and jump if notequal |}3 2 B4 
CJNE Rr,#data,rel Compare immed. to reg. and jump if not equal |3 2 B* 
CJNE @Ri,#data, rel Compare immed. to ind. and jump if not equal |3 2 B6, B7 
DJNZ Rr,rel Decrement register and jump if not zero 2 2 D* 
DJNZ direct,rel Decrement direct and jump if not zero 3.2 | D5 
1 1 00 


No operation © 
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Single-chip 8-bit microcontroller 


MAB8032AH 
MAB8052AH 


Notes to Table 7 


Data addressing modes 


Rr 
direct 
@Ri 
#data 
#data16 
bit 
addr16 


addr11 


rel 


Working register RO-R7. 

128 internal RAM locations and any special function register (SFR). 
Indirect internal RAM location addressed by register RO or R1. 
8-bit constant included in instruction. 

16-bit constant included as bytes 2 and 3 of instruction. 

Direct addressed bit in internal RAM or SFR. 


16-bit destination address. Used by LCALL and LUMP. The branch will be anywhere 
within the 64 K-byte program memory address space. 


11-bit destination address. Used by ACALL and AJMP. The branch will be within the 
same 2 K-byte page of program memory as the first byte of the following instruction. 


Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps. 
Range is —128 to + 127 bytes relative to first byte of the following instruction. 


Hexadecimal opcode cross-reference to Table 8 
*: 8,9, A, B,C, D,E, F. 

e: 11,31, 51, 71, 91, B1, D1, F1. 

A: 01, 21, 41, 61, 81, Al, C1, E1. 
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Table 8 Instruction map << 

IT hexadecimal chacter of opcode | second hexadecimal character of opcode - ba 

| a 24 (e) 

z es OS CS ee a eS Ce EEE eS 

= ; NOP | ASMP | LJIVIP | RRA | INCA | INC | INC @Ri INC Rr Ol es 

9 di | NO 

8 | pageO | addr16 | dir 0 1 O/1 |2 13/4 | 5 ii > > 

= rt 
re 
o 


JBC ACALL | LCALL | RRCA | DECA | DEC | DEC @Ri DEC Rr 
bit,addr8 | pageO | addri6 | | dir |0 1 O)4 $2) 34 15) 617 
AJMP | | ADD A,Rr 1 | 
a addr8 page 1 A,#data i 0 1 5 7 
JNB ACALL RET1 RLCA ADDC ADDC aoe A,Q@RI Ph ae 
bit, addr8 page 1 A,#data A,dir 1 314 
JC AJMP ORL ORL ORL ; ORL A,@Ri ea i 
addr8 page 2 dir,A dir,#data A,#data | 10 
JNC ACALL | ANL ANL ANL ANL | ANL A,@Ri ai 
addr8 page 2 dir,A dir,#data A,#data | A,dir 0 1 
AJMP XRL XRL XRL | XRL | ee aN 
ee page 3 dir,A dir,#data A,#data | A, dir 
JNZ ACALL | ORL JMP MOV MOV MOV see ae Rr ate 
addr8 page 3 C,bit @A+DPTR A,#data | dir,#data , O 


SJMP AJMP | ANL | MOVC |MOV | MOV dir,@Ri us dir, . 
addr8 page4 | Cbit | A@A+PC i dirdir | 0 
MOVC SUBB ‘| SUBB cuba aren 


MOV DPTR, | ACALL | MOV aa A, a 
#data 16 page 4 bit,C A, CATO ETAG A,#data i dir 
A} ORL AJMP MOV INC MUL MOV @Ri,dir see Rr, Sy 
C,/bit pageS | C,bit | DPTR AB lo 
ANL ACALL | CPL CPLC CJNE A, = | CJNE sai Bletssone CJNE te 
C,/bit page 5 bit #data, addrg| A,dir,adar8} O 1 0/1 2/1314 15 7 
PUSH AJMP CLR CLRC id XCH - XCH A,@Ri XCH A,Rr 
dir page 6 bit A,dir 0 1 0} 1 2 13 5 7 
ACALL | SETB ae DJNZ XCHD A,@Ri DJNZ Rr, addr8 
dir page 6 bit dir,addr8 | O O;1 }2 /3 5 |} 6/7 
MOV X AJMP MOVX er CLRA MOV i MOV A,QRi MOV A,Rr 
A,@DPTR page 7 0 1 0; 1 2 |3 5 7 


A,dir 


0 
F | MOVX ACALL | MOVX @Ri,A CPLA MOV | MOV @Ri,A MOV Rr,A 
@DPTR,A page 7 0 1 dir,A |0 1 0;|1 2 {3 5 7 


MAB8032AH 


Single-chip 8-bit microcontroller 


MAB8052AH 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Input voltage on any pin with respect to ground (Vss) Vy —O05to+7 V 
Tota! power dissipation Prot max. 2 W 
Input, output current +1j,lQ max. 10 mA 
Storage temperature range T stg —65 to+ 150 °C 
Operating ambient temperature range Tamb Oto +70 9C 


D.C. CHARACTERISTICS 
Voc =5 V (+ 10%); Vss = 0 V; Tamb = 0 to + 70 OC; all voltages with respect to Vsg unless otherwise 


specified 
Icc — 175 mA | all outputs disconnected; 


Supply current 
EA=Vcc 


Inputs 
Input voltage LOW 


0,8 


Input voltage HIGH all 
inputs except RST 
and XTAL 2 


Input voltage HIGH to 
RST and XTAL 2 


Veco + 0,5 


Vec+0,5 V XTAL 1 to Vgs 


Outputs 


Output voltage LOW 
(Ports 1, 2, 3) (note 1) 


Output voltage LOW 
(Port 0, ALE, PSEN) 
(note 1) 


Output voltage HIGH 
(Ports 1, 2, 3) 


Output voltage HIGH 
(Port 0, ALE, PSEN) 


Input leakage current 


DEVELOPMENT DATA 


lon = 1,6 mA 


lol1=3,2mA 


loH = —80 pA 


1OH1 = —400 pA 


(Port 0, EA) 045V<Vi<Vec 
Input current HIGH 
(RST) Vi = Vec-1,5 V 


current logic O 
(Ports 1, 2, 3) 


Input current logic O 
(XTAL 2) 


Vi = 0,45 V; 


Vii = 0,45 V; 
XTAL 1 to Vss 
f = 1 MHz; 

Tamb = 2° OC 


Capacitance of |/O buffer 


January 1986 
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Note 1 


Vo_ is degraded when the MAB8052AH rapidly discharges external capacitance. | 
This a.c. noise is most pronounced during emission of address data. When using external memory, | 


locate the latch or buffer as close to the MAB8052AH as possible. 


datum emitting | timeslot degraded VOL 
ports interval 1/0 lines (max.) 
address P2, PO TS3, TS9 P1, P3 


90 January 1986 


MAB8032AH 
MAB8052AH 


Single-chip 8-bit microcontroller 


A.C. CHARACTERISTICS 


Vcc =5V + 10%; Vgg = 0 V; Tamb = 0 to + 70 9C; C; = 100 pF (Port 0, ALE and PSEN); C; = 80 pF 
all other outputs unless otherwise specified (see waveforms Figs 21, 22 and 23). 


parameter symbol 12 MHz variable clock (note 1) unit 


min. 


Program memory 

ALE pulse duration ns 
Address set-up 

time to ALE ns 
Address hold time 

after ALE ns 
Time from ALE to | 

valid instruction input ns 
Time from ALE to 

control pulse PSEN ns 
Control pulse 

duration PSEN ns 
Time from PSEN to 

valid instruction input ns 
Input instruction 

hold time after PSEN ns 


Input instruction 
float delay after 
PSEN (note 2) ns 


Address valid after | 

PSEN (note 2) ns 
Address to valid | 

instruction input ns 


Address float time | 
to PSEN ns 


DEVELOPMENT DATA 


January 1986 91 


MAB8032AH 
MAB8052AH 


A.C. CHARACTERISTICS (continued) 


parameter 


External data memory | : 
RD pulse duration | 6teK—-100 
WR pulse duration 7 6tcK—100 


Address hold time | 
after ALE tcK—35 


RD to valid data input : otc —165 
Data hold time after RD : _ 
Data float delay after RD | 2tcK—70 


Time from ALE to 

valid data input 8tcK—150 
Address to valid | | 

data input 9tcK—165 
Time from ALE to : fo | 
RD or WR | | 3tcK—50 =| 3tcK+50 
Time from address to : 

RD or WR 4tcK—130 

Time from RD or WR | 

HIGH to ALE HIGH tcK—40 

Data valid to WR 

transition | tcK—60 

Data set-up time | 

before WR 7tcK—150 

Data hold time a 

after WR tcK—50 


Address float delay 
after RD 


Notes to the a.c. characteristics 
1. 1/teK = 3,5 to 12 MHz (see Fig. 20 and Table 9). 


2. Interfacing the MAB8052AH to devices with float times up to 75 ns is permitted. This limited bus 
contention will cause damage to port 0 drivers. | | 
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2,0V 2,0V 
2,4V 


0,45V 


test points 


(a) 


2,4V 2,4V 


0,45V 0,45V 


7287542 


(b) 
A.C. testing inputs are driven at 2,4 V for a logic 1 and 0,45 V for a logic 0. Timing measurements are 
taken at 2,0 V for a logic 1 and 0,8 V for logic 0. The float state is defined as the point at which a 
Port O pin sinks 3,2 mA or sources 400 yA at the voltage test levels. 


Fig. 19 A.C. testing input, output waveform (a) and float waveform (b). 


DEVELOPMENT DATA 


7287543 


Fig. 20 External clock drive XTAL 2 (see Table 9). 
Table 9 External clock drive XTAL 2 (see Fig. 20) 
variable clock 
(f = 3,5 to 12 MHz) 


oscillator clock period 286 
HIGH time | tcK-tLow 


LOW time tcK—-tHIGH 


rise time 20 
fall time 20 
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$$ try -——— 


we—— tp | — |< t, py ——_—_—— 


ALE 
<—t) o—> 
«—_——- tc ¢ —-—__» 
PSEN 
| | taFc 
«ti a> 
— ita «—toyy— 


{eae {somo >< oreo > 


—e| to |< 


4 | address AD8 to AD15 or 
\ special function registers (SFR) 


7287549 


NY address AD8 to AD15 or = 
PORT 2 x special function registers (SFR) 


Fig. 21 Read from program memory. 


— >| tWHLH K— 


ALE 


PSEN ff 


<———— tLw ———_ + |< _-___- tap ——-—- > 


<a—_——— ty 4 ——> 


SS ee AN ee RO ‘Di i 


a ek ee a 


— hl it~ TAFR 


<< _ ___.—-_____— tap —_——— 


PORT 2 4 address AD8 to AD15 or special function registers (SFR) 


7287550 


Fig. 22 Read from data memory. 
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—>| tWHLH |+— 


ALE 


PSEN 


<«—tta— SO eee ee ee Oe BL | | Lee eee ee re twp ——> 


PORT 2 C| address AD8 to AD15 or special function registers (SFR) 


7287551 


Fig. 23 Write to data memory. 


DEVELOPMENT DATA 
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<___________——— one machine cycle —————_________» «____________——_- one machine cycle 


wn $1 $2 $3 $4 $5 S6 $1 $2 $3 | $4 WW WW 
o P1 P2 P1 P2 Pi P2 |P1  P2 P1 P2 Pi P2 P1 P2 Pi P2 P1 P2 P1 P2 CO CO 
ot XTAL1 | oO oO 
S INPUT | O1 ® 
Ss <<. NO NO 
a > > 
oO. a ees 
99. ALE 
PSEN 
RD 
WR 
| | | 
(porta) data |float| address float |data|float| address float {datalfloat| address float |data|float| address float 
external | 
program | 
memory 
fetch 


ieee sar | | address transitions 
sé ue old data new data 

PORT 

INPUT ; 


sampling time of |/O port pins during input (including INTO and INT1) 


SERIAL 
PORT 
(SHIFT CLOCK) 7Z87552.1 


Fig. 24 Instruction cycle timing. 
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SINGLE-CHIP. 8-BIT MICROCONTROLLER 


GENERAL DESCRIPTION 


The MAB80XXH family of single-chip 8-bit microcontrollers are fabricated in NMOS. 
Three interchangeable (pin compatible) versions are available: 


@ MAB8048H_ with resident mask-programmed 1 K x 8 ROM, 64 x 8 RAM 
@ MAB8035HL without resident program memory for use with external EPROM/ROM, 64 x 8 RAM. 


@ MAB8049H_ with resident mask-programmed 2 K x 8 ROM, 128 x 8 RAM 
® MAB8039H_L without resident program memory for use with external EPROM/ROM, 128 x 8 RAM. 


@ MAB8050H_ with resident mask-programmed 4 K x 8 ROM, 256 x 8 RAM 
@ MAB8040HL without resident program memory for use with external EPROM/ROM, 256 x 8 RAM. 


The MAB80X XH family are designed to be efficient control processors as well as arithmetic processors. 
Their instruction set allows the user to directly set and reset individual |/O lines as well as test 
individual bits within the accumulator. A large variety of branch and table look-up instructions enable 
efficient implementation of standard logic functions. Code efficiency is high; over 70% of the 
instructions are single byte; all others are two byte. 


An on-chip 8-bit counter is provided, which can count either machine cycles (+ 32) or external events. 
The counter can be programmed to cause an interrupt to the processor. 

Program and data memories plus input/output capabilities can be expanded using standard devices. 
For further detailed information see users manual ‘single-chip 8-bit microcontrollers’. 


Features 


@ 8-bit CPU, ROM, RAM and I/O 
@ Internal counter/timer 


@ Internal oscillator, clock driver 

@ Single-level interrupts: external and counter/timer 

@ 17 internal registers: accumulator, 16 addressable registers 

@ Over 90 instructions: 70% single byte 

@ All instructions 1 or 2 cycles 

@ Easily expandable memory and 27 1|/O lines 

@ TTL compatible inputs and outputs 

@ Single 5 V supply 

@ Standard and extended temperature range (see Table 1) 

Applications 

@ Peripheral interfaces and controllers @ Modems and data enciphering 
@ Test and measuring instruments @ Environmental control systems 
@ Sequencers @ Audio/video systems 


PACKAGE OUTLINES 


All versions: with type no. suffix P (see Table 1): 40-lead DIL; plastic (SOT-129). 
MAB80X XH/HLWP: 44-lead plastic leaded chip-carrier (PLCC): SOT-187A. 
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Table 1 MAB80XXH versions 


frequency temperature 
version | internal memory (MHz) range 
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MAB8048H 
MAB8035HL 
MAF8048H 
MAF8035HL 
MAF80A48H 
MAF80A35HL 


MAB8049H 
MAB8039HL 
MAF8049H 
MAF8039HL 
MAF80A49H 
MAF80A39HL 


MAB8050H 
MAB8040HL 
MAF8050H 
MAF8040HL 
MAF80A50H 
MAF80A40HL 
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1K x8 ROM 
none 
1K x8 ROM 
none 
1K x8 ROM 


none 


2K x8 ROM 
none 
2K x8 ROM 
none 
2K x8 ROM 


none 


4K x8 ROM 
none 
4K x8 ROM 
none 
4K x8 ROM 


none 


64 byte RAM 
64 byte RAM 
64 byte RAM 
64 byte RAM 
64 byte RAM 
64 byte RAM 


128 byte RAM 
128 byte RAM 
128 byte RAM 
128 byte RAM 
128 byte RAM 
128 byte RAM 


256 byte RAM 
256 byte RAM 
256 byte RAM 
256 byte RAM 
256 byte RAM 
256 byte RAM 


(OC) 

Oto +70 

Oto +70 
—40 to +85 
—40to +85 
—40 to+ 110 
—40 to+ 110 


Oto +70 
Oto +70 
—40to +85 
—40 to +85 
—40 to+ 110 
—40 to+ 110 


Oto +70 
Oto +70 
—40 to +85 
—40to +85 
—40 to + 110 
—40 to + 110 


P27—P20 DB7—DBQ 


4s EXPANSION TO 
18| 81 MORE 1/0 & 


MEMORY 


BUS 
BUFFER 


PORT 2 
BUS BUFFER 


RESIDENT ROM 


MAB8048H 1Kx8 


PORT 2 LATCH BUS LATCHES 


DECODE 


AT 2 Ly HIGH MAB8049H 2Kx8 
(LOW 4) & PORT 2 LATCH PROGRAM MAB8050H 4Kx8 & LOW PC 
EXPANDER (HIGH 4} TEMP, RES. | | 

| 


PORT t/O 


oh 
=) 
— 
? 
?) 
=} 
xo) 
- 
oe 
ot 
= 
7) 
a 
°) 
© 
2) 
= 
fons 
x 
= 
oy 
= 


TIMER/ LOWER PROGRAM 
| EVENT PROGRAM STATUS 
{ COUNTER COUNTER WORD 


(8) {8} 


OSCILLATOR | 
FREQUENCY 


“ 
| He | PORT 1 
<b BUS 
BUFFER P17—P10 
aa. | ee ee . I a I i ear area 
| * 7 4~ 8 
| | | | | | LATCH | 
vy 3 | | = 
| RAM MULTIPLEXER 
| ACCUMULATOR TEMP, REG. | FLAGS } xOORERS Sara ; 
S) ome | REGISTER 
REGISTER 1 
1 
| | . REGISTER 2 | 
ARITHMETIC | | | INSTRUCTION | REGISTER 3 
| t 
ACCUMULATOR LOGIC UNIT jo REGISTER | _REGISTER4 
LATCH & E REGISTER 5 
DECODER ~+— TESTO : | REGISTER Fs 
ea 
+— TES C REGISTER 7 
O | 7 
Vv | 8 LEVEL STACK 
DD. RAM ND N — INT D 
‘Sean CAPR eer nias E | (VARIABLE LENGTH) 
aic +— FLAGO 
power J Voc ee LOGIC | OPTIONAL SECOND | 
SUPPLY ——m +5V MAIN SUPPLY | 4 FLAG 1 i REGISTER BANK | 
Vv DECIMAL TIM ! i 
tl Vss TIMER | 
| 22» GND ADJUST FLAG | | 
ee | DATA STORE 
CONTROL & TIMING <aet | 
= ‘— ACC BIT | 
D 7 PROG EA _XTAL1 XTAL2 ALE si c— TEST 
Oo Y ° RESIDENT RAM ARRAY 
3. | 4 ' ict ee i MAB8048H/35HL: 64x8 
= aie. ANARIGE cPU/ PATCH BRO caaa ae ee MABB8049H/39HL: 128x8 Se ea 
co ING te MEMORY ENABLE PROGRAM | AD WRIT MAB8050H/40HL: 256x8 Ret 
CO OUTPUT | SEPARATE ee ere a | STRCBES 
Oo INTERRUPT EXPANDER OSCILLATOR 
oT BOGE Te SINGLE STEP 


Fig. 1 Block diagram. 
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PINNING | 
{2—19 


11 


DBO—DB7 


P10—P17 
P10—P27 


ALE 
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Data Bus: bidirectional |/O port which can write or read using the 
RD and WR strobes. 

This port can also be statically latched. It contains the 8 lower order 
address bits during external memory access and receives the addressed 


instruction under control of PSEN. PSEN, ALE, RD and WR determine 
whether the access is an instruction fetch or a read/write access to 


external RAM. 


Port 1: 8-bit quasi-bidirectional |/O port (note 1). 
Port 2: 8-bit quasi-bidirectional I/O port (note 1). 


P20—P23 contain the 4 higher order address bits during an access of 
external program memory. 


Output strobe: active LOW for 8243 I/O expander. 


Test 0: test input pin sensed using the JTO and JNTO instructions. 
Clock: clock output pin when designated by the ENTO CLK instructions. 


Test 1: test input pin sensed using the JT1 and JNT1 instructions. Can 
be designated as the timer/counter input by the STRT CNT instruction. 


Interrupt: interrupt input pin, which causes an interrupt in the current 
program, provided that the external interrupt is enabled. 

Can also be used as an input, testable using the JNI instruction. Interrupt 
is disabled during and after RESET. 


Reset: active LOW input used to initialize the microcontroller. 
During program verification the address is latched by a ‘0’ to ‘1’ 
transition on RESET and the data at the addressed location is output 
on BUS (note 2). 


Address latch enable: occurs each cycle and is used for timing and 
sampling. During external program or data memory access, ALE is used 
to strobe the address information multiplexed on the DBO to DB7 
outputs. 


Read BUS: active LOW strobe used to gate data onto BUS lines when 
reading from an external source. 


Write BUS: active LOW strobe used to write data from BUS lines to an 
external designation. 


External access input: when HIGH, forces instruction fetch from 
external memory. 


Program store enable: active LOW strobe that occurs only during a fetch 
from external memory. 


Single step: active LOW input used with ALE to cause the microcontroller 
to execute a single instruction. 


Crystal inputs: inputs for a crystal, LC-network or an external timing 
signal to determine the internal oscillator frequency (note 2). 


Ground: circuit earth potential. 
Power supply: + 5 V main supply pin. | 
Power supply: + 5 V RAM standby power supply; low power standby pin. 
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Notes 


1. Each port line can be designated as an input or an output. A line is designated as an input by first 
writing a logic 1 to the line. RESET sets all lines to logic 1. 


2. Non-standard TTL Vjqy. 


FUNCTIONAL DESCRIPTION 


The following sections provide a detailed functional description of the MAB80XXH microcontroller as 
shown in Fig. 1. The generic term ‘“‘“MAB80XXH” is used to refer collectively to the MAB8048H/35HL, 
MAB8049H/39HL and MAB8050H/40HL. 


Program memory (see Fig. 3) 


The resident program memory consists of a 1024, 2048 or 4096 byte ROM (MAB8048H/49H/50H): 
the MAB8035HL/39HL/40HL versions do not have a resident program memory. The total addressing 
capability is 4096 bytes. 
The program memory address space is divided into two 2048-byte banks MBO and MB1. These two 
2048 byte banks are divided into 8 pages of 256 bytes for conditional branches. 

There are three locations in program memory which contain the first instruction to be executed after 
one of three events: 


® Location 0 — if RESET is activated (LOW) then location O is activated 


@® Location 3 — if the external interrupt is enabled and the INT line is activated (LOW) 
@ Location 7 — if the T/C interrupt is enabled and the timer/counter has an overflow. 


MAB 8050H/40HL 
MAB 8049H/39HL 
MAB8048H/35HL 
MAB8050H/40HL i is 
SEL MB1 
4 
MAB 8049H/39HL 2048 t directly 
SEL MBO addressable 
: when bank 1 
is selected 
MAB 8048H/35HL | addressed 
indirectly 
8 LEVEL through pointers 
STACK Ri or RO 
oe Pa (R1’ or RO’) 
USER RAM 
location 7: 16x8 
timer interrupt - 
vectors program here | 
BANK 0 
: WORKING | directly 
location 3: 
external interrupt REGISTERS ariabipattes 


Fe eel ee. a “_ 
location 0: 
[Tes] s[a[2 [so] rasverion 


program here 
address 7297122 7297124 


Fig. 3 Program memory map. Fig. 4 Data memory map. 
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FUNCTIONAL DESCRIPTION (continued) 
Data memory (see Fig. 4) 


The resident data memory consists of a 64, 128 or 256 byte RAM. All locations are indirectly 
addressable using two RAM pointer registers RO, R1 or RO’, R1’. The first 8 RAM locations (0 to 7) 
are designated as working registers bank O and are directly addressable. By selecting register bank 1, 
RAM locations 24 to 31 become the working registers, replacing those in register bank 0. RAM 
locations 8 to 23 are designated as the stack. Two bytes are used per CALL allowing up to 8 levels of 
subroutine nesting. 

An extra 256 bytes of RAM may be added and addressed directly using the MOVX instructions. If the 
required extra RAM is greater than 320 bytes, additional (256 byte) banks of external memory can be 
selected, one at a time, by an I/O port. 


Program counter and stack 


The program counter (PC) is a 12-bit counter/register that points to the location from which the next 
instruction is to be fetched. When EA is logic 0 the PC can address locations 0 to 1023 (8048H), 2047 
(8049H) or 4095 (8050H) of internal program memory. At the 1 K (8048H), 2 K (8049H) boundary, 
an automatic switch-over to external memory occurs. When EA is logic 1 all the program is fetched 
from external ROM/EPROM. The total address space is 4 K bytes. An interrupt or CALL to asubroutine 
causes the contents of the program counter to be stored in one of the 8 register pairs of the program 
stack. The pair to be used is determined by a 3-bit stack pointer which is part of the program status 
word (PSW). Data RAM locations 8 to 23 are available as stack registers and are used to store the 
program counter and 4 bits of PSW. The stack pointer, when initialized to OOOB, points to RAM 
locations 8 and 9. The first subroutine jump or interrupt results in the program counter contents being 
transferred to locations 8 and 9 of the RAM array. The stack pointer is then incremented by one to 
point to locations 10 and 11 in anticipation of another CALL. Nesting of subroutines within subroutines 
can continue up to 8 times without overflowing the stack. If overflow does occur the deepest address 
stored (locations 8 and 9) will be overwritten and lost since the stack pointer overflows from 111 to 
000. It also underflows from 000 to 111. The end-of a subroutine, which is signalled by a return 
instruction (RET or RETR), causes the stack pointer to be decremented and the contents of the 
resulting register pair to be transferred to the program counter. 


Oscillator and clock (see Figs 5, 6 and 7) 


The MAB80XXH contains its own internal oscillator and clock driver. A crystal, LC-network or 
external timing signal (pulse generator) determines the oscillator frequency. The output of the 
oscillator is divided-by-three and is available at TO (pin 1) by executing the ENTO CLK instruction. 
This clock signal (CLK) is divided-by-five to define a machine (instruction) cycle. It is available at 
ALE (pin 11). 


15 to 25 pF (1) 


XTAL 1 


1 to 11 


N 3 f) mz 
L | AXTAL 2 


15 to 25 pF (1) 


3 


7297120.1 


(1) Including crystal-socket stray capacities. 


Fig. 5 Crystal oscillator mode. Crystal series impedance should be < 75 Q at 6 MHz and < 180 Q 
at 3,6 MHz. When using a ceramic oscillator both capacitors should be 30 pF. 
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Single-chip 8-bit microcontroller 


Fig. 6 Driving from external source. Both XTAL 1 and 
XTAL 2 should be driven. Resistors to Vcc (+ 5 V) are 
required to ensure Vj1j = 3,8 V if TTL circuitry is used. 
The minimum HIGH and LOW times are 45%, 


L C nom. f 
(uH) (pF) (MHz) 


7284740.1 


7284738.1 


Fig. 7 LC oscillator mode. Each C should be © 20 pF including stray capacitance Cop ~ = 5 to 10 pF 
(pin-to-pin capacitance). 


Timer/event counter 

An internal counter is available which can count either external events or machine cycles (+ 32). The 
machine cycles are divided-by-32 before they are applied to the input of the 8-bit counter. External 
events are applied directly to the input of the counter. The maximum frequency that can be counted 
is one third of the machine cycle frequency. The minimum positive duty cycle that can be detected 
is 0,2 times the cycle period. The counter is under program control and can be made to generate an 
interrupt to the processor when it overflows. 


Interrupt 
An interrupt may be generated by: 


@ Anexternal input INT (pin 6) 

or 
@ Overflow of the internal counter, when enabled. 
In either, the processor completes execution of the present instruction followed by a CALL to the 
interrupt service routine. 
After service, a RETR instruction restores the machine to the state it was prior to the interrupt. The 
external interrupt has priority over the internal interrupt. | 


Input/output 


The MAB80XXH has 27 1/O lines. They are arranged as three 8-line ports which serve as either inputs, 
outputs or bidirectional ports and 3 ‘test’ inputs that can alter program sequences when tested by 
conditional jump instructions. 
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FUNCTIONAL DESCRIPTION (continued) 
Ports 1 and 2 (see Fig. 8) 


Ports 1 and 2 are both 8-bits wide and have identical characteristics. Data written to these ports is 
statically latched and remains unchanged until rewritten. As input lines these ports are non-latching, 
i.e. inputs must be present until read by an input instruction. Inputs are fully TTL compatible and 
outputs will drive one standard TTL load. 

The lines of ports 1 and 2 are called quasi-bidirectional because of a special output circuit structure 
which allows each line to serve as an input, an output, or both even through outputs are statically 
latched. Each line is continuously pulled up to + 5 V through a resistor (~ 50 92). Thus pull-up 
provides sufficient source current for a TTL HIGH level, yet can be pulled LOW by a standard TTL 
gate, thus allowing the pin to be used both as an input and an output. To provide fast switching times 
during a logic 0 to 1 transition, transistor TR 2 is switched on for one fifth of a machine cycle when 
a logic 1 is written to the line. When a logic O is written transistor TR 1 overcomes the pull-up and 
provides TTL current sinking capability. Since the pull-down transistor is low impedance, a logic 1 
must first be written to any line which is to used as an input. RESET initializes all lines to the high 
impedance logic 1 state. This structure allows input and output on the same pin plus a mixture of 
input and output lines on the same port. The quasi-bidirectional port in combination with the ANL 
and ORL logical instructions facilitates the handling of single line inputs and outputs within an 8-bit 
microcontroller. 


BUS (DBO—DB7) 


Bus is a true bidirectional 8-bit port with associated input and output strobes. If the bidirectional 
feature is not required, BUS can serve as a statically latched output port or non-latching input port. 
Input and output lines on this port cannot be mixed. | 

As a static port, data is written and latched using the OUTL instruction and input using the INS 
instruction. These instructions generate pulses on the corresponding RD and WR output strobe lines, 
but in the static port mode they are not used. As a bidirectional port, the MOVX instructions are used 
to read from and write to the port. A write generates a pulse on the WR output line and output data 

is valid at the trailing edge of WR. A read generates a pulse on the RD output line and input data must 
be valid at the trailing edge of RD. When the BUS lines are not being written to or read from they are 
high impedance. | 


ORL, ANL 


(instructions) +5V +5V 


internal 
bus 


1/O port line 
(port 1 and 2) 


write 
pulse 


i 7284737.2 


Fig. 8 Quasi-bidirectional port structure. 
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Single-chip 8-bit microcontroller 


Test (TO, T1) and INT 


These three pins serve as inputs and are testable with the conditional jump instruction. They allow 
inputs to cause program branches without the necessity of loading an input port into the accumulator. 


RESET (see Fig. 9) 


This active LOW input is used to initialize the microcontroller. 

This Schmitt-trigger input has an internal pull-up resistor which, in combination with an internal 1 uF 
Capacitor, provides an internal reset pulse of sufficient duration to reset all circuitry. If the reset pulse 
is generated externally, the reset pin must be held at ground (0,45 V) for at least 10 ms after the power 
supply is within tolerance. Only 5 machine cycles (12,5 us at 6 MHz) are required if power is already 
on and the oscillator has stabilized. 


TTL-— gate 


1kQ RESET| 4 
= 


1 uF 
ae 
z A 7297123 


(a) | (b) 


Fig. 9 An external reset is shown in (a) and power-on reset in (b). 


active 
pull-up 


Single step (SS) 


This active LOW input when used in combination with ALE will cause the microcontroller to execute 
a single instruction, then wait until SS is reactivated. 


Power-down mode (see Fig. 10) 


In the MAB80XXH, power can be removed from all but the data RAM array, for low power standby 
operation. In the power-down mode the contents of the data RAM can be maintained while drawing 
typically 10% to 15% of the normal operating supply voltage. Vcc serves as the + 5 V supply pin for 
the bulk of the circuitry, while the Vpp pin supplies only the RAM array. In normal operation, both 
pins are at + 5 V. In the standby mode, V¢c is at ground and only Vpp is maintained at + 5 V. 
Applying RESET to the microcontroller through the reset pin inhibits any access to the RAM and 
ensures that the RAM cannot be inadvertently altered as power is removed from Vcc: 


POWER rocessor | 
SUPPLY inteniptse | ee 

fs | 
| 
| 


POWER 
SUPPLY | 
FAIL SIGNAL ener 
| 
RESET 
7 =o 


| 
| 
| 
to _— normal power-on 
| sequence follows 
| 
| 


. data save access to 
routine data RAM 
executed inhibited 7Z284728.1 


Fig. 10 Power down sequence. 
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FUNCTIONAL DESCRIPTION (continued) 
Instruction set (see Tables 1, 2, 3 and 4) 


The MAB80XXH instruction set consists of over 90 one and two-byte instructions. Program code 
efficiency is high because: 


® Working registers and program variables are stored in the RAM locations 0 to 127, which require 
only a single byte to address 


: Program memory is divided into pages of 256 bytes, which means that branch destination addresses 
require only one byte 


The instruction set performs logical, arithmetic and test operations on bytes. It also manipulates and 
tests bits. A set of MOVE instructions operate indirectly on either RAM or ROM, which permits 
efficient access of pointers and data tables. The indirect jump instruction performs a multi-way branch 
(up to 256) on the contents of the accumulator to addresses stored in a look-up table. The ‘decrement 
register and jump if not zero’ instruction saves a bit each time it is used as opposed to using separate 
increment and test instructions. The on-chip counter provides the facility for external events or time 
to be counted off-line from the main program. The MAB80XXH can either test the counter (under 

_ program control) or cause its overflow to generate an interrupt. These features are essential for 
real-time applications. 


Table 1 Symbols and definitions used in Table 2. 


definition description | 


A accumulator 

addr program memory address 

Bb bit designation (b = 0O—7) 

RBS register bank select 

C carry (bit CY) 

CNT event counter 

D mnemonic for 4-bit digit (nibble) 
data 8-bit number or expression 

I interrupt 

MB memory bank 

MBFF memory bank flip-flop 

P mnemonic for ‘in-page’ operation 
PC program counter 

Pp port designation (p = 0, 1, 2) 
PSW program status word 

RB register bank 

Rr register designation (r = O—7) 

Sn serial 1/O register 

SP stack pointer 

T timer 

TF timer flag 

TO test 0 input 

T1 test 1 input 

# immediate data prefix 

@ indirect address prefix 

(X) contents of X 

((X)) contents of location addressed by X 
<- is replaced by 

<> is exchanged with 
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Table 2 Instruction set 


| mnemonic | opcode bytes/ | description ic function 
| ADD A, Rr 6 | Add register contents to A (A)<(A) + (Rr) 
ADD A, @Rr 60 | 1/1 Add RAM data, addressed by Rr, to A (A)<(A) + ((RO)) 
ie | (A)<(A) + ((R1)) 
| ADD A, #data | 03 data | 2/2 | Add immediate data to A | (A)<(A) + data 
| ADDC A, Rr | 7* 1/1 | Add carry and register contents to A (A)<(A) + (Rr) + (C) 
| ADDC A, @Rr | 70 | 1/1 Add carry and RAM data, addresses (A)<(A) + Ht + (C) 
71 | (by Rr, to A (A)<(A) + ({R1)) + (C) 
| ADDC A,#data | 13 data | 2/2 | Add carry and immediate data to A (A)<-(A) + data + (C) 
ANL A, Rr | 5* 4/1 AND! Rr with A (A)<(A) AND (Rr) 
ANL A, @Rr | 50 1/1 | “AND’ RAM data, addressed by Rr, with A | (A)<(A) AND ((RO)) 
am 51 | | A)<(A) AND ((R1)) 
= | ANL A, #data | 53 data 2/2 | ‘AND’ immediate data with A (A)+(A) AND data 
S| oRLA Rr * | 1/1 OR’ Rr with A | (A)<(A) OR (Rr) 
= | ORL A, @Rr | 40 | 1/1 ‘OR’ RAM data, addressed by Rr, with A i (A os i OR ((RO)) 
o | 41 | (A)<(A) OR ((R1)) 
a | ORLA, #data 43 data 2/2 | ‘OR’ immediate data with A Pelt OR data 
| XRLA, Rr D* | 1/1 ‘*XOR’ Rr with A | (A)<(A) XOR (Rr) 
XRL A, @Rr | DO | 1/1 ‘“XOR’ RAM, addressed by Rr, with A | (Aj<(A) XOR ((RO)) 
/D1 | | (A}-(A) XOR ((R1)) 
|XRL A, #data | D3 data 2/2 ‘XOR’ immediate data with A | (A}<(A) XOR data 
| INCA | 17 11/1 increment A by 1 | (A)<(A) + 1 
DEC A 07 1/1 decrement A by 1 i (A)“(A) —1 
CLRA 27 1/1 clear A to zero | ( 
i|CPLA 37 | 1/1 — |one’s complement A 
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ACCUMULATOR (cont.) 


DATA MOVES 


RLCA 


RRA 
RRCA 


DAA 
SWAP A — 
MOV A, Rr 
MOV A, @Rr 


MOV A, #data 
MOV Rr,A 
MOV @Rr,A 


MOV Rr, #data 
MOV @rR, #data 


XCH A, Rr 
XCH A, @Rr 


XCHD A, @Rr 


MOV A, PSW 
MOV PSW, A 
MOVP A, @A 


MOVP3 A,@A — 


F7 


77 


| 67 


57 
47 
F* 
FO 
F1 
23 data 
A* 
AO 
Al 
B* data 


BO data 
B1 data 


a 
20 
21 
30 
31 
C7 


D7 


A3 


E3 


1/1 
1/1 
1/1 


1/1 
1/1 
1/1 
1/1 


2/2 
1/1 
1/1 


2/2 
2/2 


1/1 
1/1 


1/1 
1/1 
1/1 
1/2 


1/2 


rotate A left through carry 


rotate A right 


rotate A right through carry 


decimal adjust A 
swap nibbles of A 
move register contents to A 

move RAM data, addressed by Rr, to A 


move immediate data to A 
move accumulator contents to register 


move accumulator contents to RAM 
location addressed by Rr 


move immediate data to Rr 


move immediate data to RAM location 
addressed by Rr 


exchange accumulator contents with Rr 


exchange accumulator contents with 
RAM data addressed by Rr 


exchange lower nibbles of A and RAM 
data addressed by Rr 


move PSW contents to accumulator 
move accumulator contents to PSW 


move indirectly addressed data in 
current page to A 


move data in page 3 toA 


(An + 1)<(Apy) 
(Ag)<(C), (C)<{A7) 
(An)<lAn + 1) 
(A7)<(Ag) 

(An) (Ap + 1) 
(A7}(C), (C}“(Ag) 


(Aqg_7)#(Ap_3) 
(A)+(Rr) 


(A)<((RO)) 
(A)<((R1)) 


(A)<data 
(Rr)<(A) 


((RO))<(A) 
((R1))<(A) 


(Rr)<data 


((RO))<data 
((R1))<data 


(A)+(Rr) 


(A)<((RO)) 
(A)+((R1)) 


(Ap—3)((ROG_3)) 
(Agp_3)@((R 19_3)) 
(A)<(PSW) 
(PSW)<(A) 
(A)<((A)) 


(A)<((A)) 


mnemonic opcode bytes/ | description function notes 
(hex.) cycles | 


r= 0-7 


r= 0-7 


r= 0-7 


in page 3 


H6E/HEVO8EVW 
THSE/H8VO8aVvIN 


= 
> 
WO 
© 
vo) 
On 
oO 
ae 
™~™ 
i 
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G86L Ainr 


60L 


© ICLRC 
7 CPLC 


BRANCH 


MOVX A,@Rr 


MOVX @Rr,A 


INC Rr 
INC @Rr 


“JMP addr 


JMPP @A 
DJNZ Rr, addr 


| JFO addr 


JF1 addr 
JNI addr 
JBb addr 
JC addr 
JNC addr 
JZ addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JTF addr 


1* 
10 
11 
C* 


e@ 4 address 


B3 
E* address 


B6 address 
76 address 
86 address 
A 2 address 
F6 address 
E6 address 
C6 address 
96 address 
36 address 
26 address 
56 address 
46 address 
16 address 


1/2 


1/2 


4/1 


1/1 
1/1 
1/1 


1/1 
2/2 


1/2 


| 2/2 


2/2 
2/2 
2/2 
2/2 
2/2 
2/2 
2/2 
2/2 

/2 
2/2 
2/2 
2/2 
2/2 


move indirect the contents of external 


memory to A 


move indirect the contents of A to 
external memory 


clear carry bit 
complement carry bit 


increment register by 1 


increment RAM data, addressed by Rr, 


by 1 


decrement register by 1 


| indirect jump within a page 


decrement Rr by 1 and jump if not 
zero to addr 


jump to addr if FO = 1 

jump to addr if F1 = 1 

jump to adar if INT =0 

jump to addr if Acc. bit b = 1 
jump to addr if C = 1 

jump to addr if C =0 

jump to addr if A=0 

jump to addr if A is NOT zero 
jump to addr if TO= 1 

jump to addr if TO=0 

jump to addr if T1 = 1 

jump to addr if T1 =O 

jump to addr if Timer Flag = 1 


unconditional jump within a 2 K bank 


(A)<—((R)) 


((R))<(A) 


(C)<0 
(C)—NOT(C) 


(Rr)<(Rr) + 1 


((RO))<((RO)) + 1 
((R1))<((R1)) + 1 


(Rr)<(Rr) —1 


if FO 


(PCg_149)<addrg_ 19 
(PCo_7)«-addrg_7 
(PC44_19)<MBFF 0-1 


(PCo_7)<((A)) 


(Rr)<(Rr) —1 
if (Rr) not zero (PCo_7)<addr 


= 1 
> (PCo_7)<addr 
: (PCo_7)<addr 
: (PCo_7)<-addr 
: (PCp_7)<-addr 
: (PCo_7)<addr 
: (PCo_7)<addr 
: (PCo_7)<addr 
: (PCg_7)<-addr 
: (PCo__7)<-addr 
: (PCo_.7)<addr 
: (PCo_7)<addr 
: (PCo__7)<addr 


(PCo_7)<-addr 
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opcode bytes/ | description function 
(hex.} 


| 7 | move timer/event counter contents to 
| = ieee 
| ze move accumulator contents to | 
| s timer/event counter 
= | STRT CNT 45 | 1/1 | start event counter 
> |STRTT 55 1/1 | start timer | 
oc | STOP TCNT | 65 : 1/1 |stop timer/event counter | | 
| S | EN TCNTI 125 | 1/1 | enable timer/event counter interrupt | 
gag | DIS TCNTI | disable timer/event counter interrupt | 
| : | EN | enable external interrupt 
| DIS | disable external interrupt 
— i { . 
° | SEL RBO ie 1/1 select register bank O (RBS)< | 5 | 
E | SEL RBI | D8 1/1 | select register bank 1 (RBS)< ls 
S | SEL MBO E5 1/1 | select program memory bank 0 ek 0, (MBFF1)<0 | | 
| SEL MB1 F5 1/1 select program memory bank 1 | (MBFFQ)<1, (MBFF1)<O | 
| ENTO CLK 1/1 | enable clock output onto TO | 
| CALL addr , 44 address | 2/2 jump to subroutine | ((SP})<(PC), (PSWq4 6, 7) | 6 | 
w | “(SP)(sP) +1 | 
= | Cp 10)*addrg_19 
= | (PCo_7)«-addrp_7 
O° | | (PC14_19)<-MBFF 0-1 
2s RET | 83 1/2 return from subroutine (SP)<(SP) —1 6 
a (PC)<((SP)} 
| RETR 93 1/2 otuth from interrupt and restore (SP)<(SP) —1 6 
( 


bits 4, 6, 7 of PSW PSW4 6, 7) + (PC)<((SP)) 
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LLL 


OUTL BUS,A 1/2 
IN A,Pp 1/2 


INS A,BUS 1/2 
OUTL Pp,A 1/2 


ANL BUS, # data 2/2 
ANL Pp, # data 2/2 


ORL Pp, # data 2/2 


ORL BUS, # data 2/2 
MOVD A,Pp 1/2 


INPUT/OUTPUT 


MOVD Pp,A 1/1 
ANLD Pp,A 1/2 
ORLD Pp,A 1/1 


1/1 


| | NOP 


Notes to Table 2. 


1. PSW CY, AC affected 
2. PSW CY affected 
3. PSW PS affected 


4. Execution of JTF and JNTF instruction 
resets the Timer Flag (TF). 


output accumulator to BUS 
input port p data to accumulator 


input strobed BUS data into accumulator 
output accumulator data to port p 


logical AND immediate data with BUS 
AND port p data with immediate data 


OR port p data with immediate data 
logical OR immediate data with BUS 


move contents of designated port 
(4-7) toA 


move contents of A to designated 
port (4—7) 


logical AND contents of A with 
designated port (4—7) 


logical OR contents of A with 
designated port (4—7) 


no operation | 


5. PSW RBS 
6. PSW SPg, SP1, SP9 
7. (A) = 111 P23, P22, P21, P20. 


affected 
affected 


(BUS)<A 


(A)<(P1) 
(A)<(P2) 


(A)<(BUS) 


(P1)<(A) 
(P2)<(A) 


(BUS)<(BUS) AND data 


(P1)<(P1) AND data 
(P2)<(P2) AND data 


(P1)<(P1) OR data 
(P2)<-(P2) OR data 


(BUS)<(BUS) OR data 
(Ap—3)<(Pp) 


(Aqg_7)<0 


(Pp)<(Ag_3) 


(Pp)<(Pp) AND (Ag_3) 


(Pp)<(Pp) OR (Ag_3) 


8. (S1) has a different meaning for read - 
and write operation, see serial |/O interface. 
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HOV/HOSO8SEVW 
TH6E/H6VOSaVWN 
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CLL 


6 SB6L Ane 


‘| ORL P,#data 


INS A,BUS 
OUTL BUS,A 


| ANL BUS data 


ORL BUS,#data > 


MOVX @R,A 


MOVX A,@R 


MOVD A,P 


Table 3 Instruction timing (see also Figs 11 and 12) 


instruction 


IN A,P 
OUTLP,A 


ANL P,#data 


fetch 
instruction 


ze! 


fetch 


instruction 


increment 
program 
counter 


Ol 


increment 
program 
counter 


cycle 1 


output 
RAM 


address 
output 


RAM 
address 


output 
opcode/ 
address 


timer 


increment 
timer 


read 
port 


fetch 
immediate 
data 


fetch 
immediate 
data 


fetch 
immediate 
data 


fetch 
immediate 
data 


program 
counter 
*increment 
program 
counter 


program 


counter 


*increment 


program 
counter 


s | « [ss | [# |» |" [s 


increment 


<<< 
>> > 
ww Ww 
CO CO CO 
O0O°O 
OR A 
Oo Co 
a ia mee 
ROO 
Oo oO 
sb ae 
if ft 


cycle 1 


fo vel tt 
Vieweston | ss | @ [s | |[s || s [@ | = [| [= 


fetch increment increment 
MOVD P,A , program ; 
instruction timer 
counter | 


output 
opcode/ 
address 


J (conditional) 


output 
opcode/ 
address 
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increment 
timer 


sample 
condition 


immediate 
data 


program 
counter 


~DISI 


ENTO CLK 


enable 
interrupt 

disable 
interrupt 


enable 
clock 


program - 
counter 


instruction 
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* Valid instruction addresses are output at this time if external program memory Is being accessed. . 
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ae 
INPUT 
aaa INPUT | DECODE EXECUTION INPUT 
OUTPUT ADDRESS | INC. PC OUTPUT ADDRESS 


7284731 


Fig. 11 Instruction cycle. 


CLOCK OUTPUT 
AT PIN TO 


7Z84732.2 


Fig. 12 Instruction cycle timing. 
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Table 4 Instruction map. 


first hexadicimal character of opcode 


0 


Ww NOP 


| 1 INC @Rr JBO ADDC CALL DIS | JTF INCA INC Rr 
0 1 addr A, #data | page 0 addr 0 1 
2 | XCH A, @Rr | | MOV JMP EN JNTO | CLRA XCH A,Rr 
| 0 1 | A, #data | page 1 TCNTI | addr 0 1 
3 | XCHD A, @Rr JB1 CALL DIS JTO CPLA OUTL Pp,A 
| 1 addr page 1 TCNT! | addr 1 | 2 
| 


0 
4 | ORLA, @Rr 
be Oe 
5 ANL A, @Rr 


0 
A 
0 


DD A, @Rr 


0 


1 

1 
7 | ADDCA, @Rr 
0 1 


8 | MOVX A, @Rr 


1 


1 


1 


9 | MOVX @Rr,A 


0 
A | MOV @Rr,A 


0 
|B | MOV @Rr, #data | SBS JMPP CALL | CPL JFO | MOV R, #data 
| 0 
ne | | JMP MOV DEC Rr 


D | XRL A, @Rr 
| 0 
H 


| 


H 


E 


'F | MOV A, @Rr 
| | 0 1 


1 
1 
1 


1 


second hexadicimal character of opcode 


ae aa eae Bee ee ee ee ee 2 oe a 
: O 
2 
2 


OUTL | ADD JMP EN | DECA INS IN A, Pp 
BUS,A | A, #data | page 0 A,BUS 1 


3141516 {7 
MOVD Pp,A 
415 16 


ORL 


SWAP ORL A,Rr 


A, #data A 0 1 2 
| JB2 STRT JT1 DA, A ANLA,Rr 
| addr A, #data T | addr 0 1 2 
TCNT 0 1 2 
a CALL | ENTO | JF1 RRA ADDC A,Rr 

page 3. | CLK addr 0 1 2 
| RET JMP CLR JN1 ORLD Pp,A 
page 4 FO | addr # data 4 6 


JB4 RETR CALL CPL JNZ CLRC ANL BUS, 
addr | page 4 | FO addr # data | 
MOVP JMP CLR CPL C MOV Rr,A 
|A,@A | paged | Fl 0 | 1 2 


addr @A page5 | Fi addr | O | 1 [2 | 3 


A,PSW | 0 1 ae NS 


page 6 
JB6 XRL CALL 


MOV | XRLA,Rr 
addr | A, #data | page 6 PSW, A_ | 0 yet | 2 | 3 | 4 [5 | 6 7 
JMP 


SEL | JNC PRLA DJNZ Rr, addr 


MOVP3 
page7 | MBO | addr 0 1 2 |3 14 15 |6 [7 


A@A 


JB7 


“TGR SEE. iG RUC A | MOV A,Rr 
addr | page 7 |MB1 | addr | O | 1 {2 |3 [4 {5 {6 |? 


a ta a 
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MAB8048H/35HL 
MAB8049H/39HL 
MAB8050H/40HL 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Input voltage with respect to Vss 
except input EA 


input EA 
D.C. current into any input or output 
Total power dissipation 
Storage temperature range 
Operating ambient temperature range 
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—O5to +7 V 
—0,5to+12 V 
max. 10 mA 


max. 1 W 
—65 to +150 °C 
see Table 5 


MAB8048H/35HL 
MAB8049H/39HL 
MAB8050H/40HL 


Single-chip 8-bit microcontroller 


D.C. CHARACTERISTICS (MAB8048H/35HL; MAB8049H/39HL; MAB8050H/40HL) 


Vcc = Vpp = 5 V (+ 10%); Vss = 0 V; Tampb = 0 to + 70 °C; all voltages with respect to Vss unless 
otherwise specified 


[omens inom [om 


Supply current 
at Vpp = 5 V + 10%; Voss = Vcc =O V 


MAB8048H/35HL 6 mA 
MAB8049H/39HL 8 mA 
MAB8050H/40HL 15 mA 
Supply current (total) 
at Vnp = Vcc = 5 Vt 10%; Vgs=OV 
MAB8048H/35HL 80 mA 
MAB8049H/39HL 90 mA 
MAB8050H/40HL 100 mA 
Inputs 
Input voltage LOW all inputs except 
XTAL 1, XTAL 2, RESET 0,8 V 


Input voltage LOW — 
XTAL 1, XTAL 2, RESET 


Input voltage HIGH all inputs except 
XTAL 1, XTAL 2, RESET 


Input voltage HIGH 
XTAL 1, XTAL 2, RESET 


Outputs 


Output voltage LOW (DBO to DB7) 
atlop, =2mA 


Output voltage LOW (RD, WR, PSEN, ALE) 
at lo, 17=1,8mA 

Output voltage LOW (PROG) 
atlo,2=1mA 

Output voltage LOW (all other outputs) 
atlo_3 = 1,6mA 

Output voltage HIGH (DBO to DB7) 
at —IQyH = 400 vA 

Output voltage HIGH (RD, WR, PSEN, ALE) 
at —IQy41 = 100 yA 


Output voltage HIGH (all other outputs) 
at —IQH = 40 yA 


06 |V 
Veo | V 
Veco |V 
045 |V 
045 |v 
045 |V 
045 |V 
2 | V 
- V 
és lV 
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MAB8048H/35HL 
MAB8049H/39HL 
MAB8050H/40HL 


D.C, CHARACTERISTICS (continued) 


parameter 


Input leakage current (T1, INT) 
at Voss < Vj < Vee 


Output leakage current (DBO to DB7; 
high impedance) 
at Vgg + 0,45 V< Vi <Vec 
LOW input load current ae 
(P10 to P17, P20 to P27 EA, SS) 
at Veg + 0,45 V< Vi <Vec 


LOW input load current (RESET) 
at Voss < Vi < Vc 


D.C. CHARACTERISTICS 


MAF8048H/35HL; MAF8049H/39HL; MAF8050H/40HL (at Tamb = 40 to + 85 °C) 
MAF80A48H/A35HL; MAF80A49H/A39HL; MAF80A50H/A4OHL (at Tamp = —40 to + 110 °C) 


Vcc = Vpp = 8 V (+ 10%); Vss = 0 V; Tampb as above; all voltages with respect to Vss unless 
otherwise specified 


| parameter | symbol min. 


Supply current 
at Vpp = 5 Vt 10%; Vss = Vcc = OV 


MAF8048H/35HL; MAF80A48H/A35HL_ | Ippo 
MAF8049H/39HL; MAF80A49H/A39HL_ | Inn 
MAF8050H/40HL; MAF80A50H/A40HL_ | Ipp 


Supply current (total) 
at Vpp = 5 V + 10%; Vss = Vcc =O V 


MAF8048H/35HL; MAF80A48H/A35HL_ | Ipp+!cc 
-MAF8049H/39HL; MAF80A49H/A39HL_ | Ipp +Icc 
MAF8050H/40HL; MAF80A50H/A40HL_ | Inn t+Icc 


Inputs 


Input voltage HIGH all inputs except | 
XTAL 1, XTAL 2, RESET Vi 


LOW input load current _ 
(P10 to P17, P20 to P27 EA, SS) 
at Vgg t 0,45 V<V)<Vec —lhy 


ema Oe re are ke A aA A A un er ee TNE RA Ar tn ARNE nner An Pn etmmn ene em nae 
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MAB8049H/39HL 
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Single-chip 8-bit microcontroller 


A.C. CHARACTERISTICS (MAB8048H/35HL; MAB8049H/39HL; MAB8050H/40HL) 


Voc = Vpp =5 V (+ 10%); Vss = 0 V; Tamp = 0 to + 70 OC; note 1. 
See waveforms Figs 14, 15, 16, 17 and 18 


parameter symbol f(te,) 11 MHz unit | *— 


(note 2) 
min max 
Clock period (note 2) te. Wtyt at) 90,9 1000 ns — 
ALE pulse duration tee 3,5tc,_—1/70 150 — ns 
Address set-up time to ALE (note 3) | tat 2tc,_—110 70 _ ns 
Address hold time after ALE tLA tc —40 50 - ns 
Control pulse duration RD, WR tcc1 7,5tc,_—200 480 — ns 
Control pulse duration PSEN tcec2 6tc,_—200 350 = ns 
Data set-up time before WR tow 6,5tc,_—200 390 7 ns 
Data set-up time after WR twD tce,.—50 40 _ ns 
Data hold time 
RD, PSEN tpR 1,5tc, —30 0 110 ns 
RD to data input tRpD1 6c —1/0 = 375 ns ao 
PSEN to data input trp2 4, 5tc_—170 — 240 ns oak 
Address set-up time to WR taAW Stc,.—150 300 = ns 
Address set-up time to data 
input (RD) tAD1 10,5tc; —220 — 730 ns 
Address set-up time to data 
input (PSEN) tap? 7,5tce,_—200 — 460 ns 
Address floating to RD, WR tAFC1 2tc,_—40 140 _ ns 
Address floating to PSEN (note 3) taFC2 5tc, —40 10 — ns 
ALE to control pulse RD, WR tLAFC1 3tc_—75 200 = ns 
ALE to control pulse PSEN tLAFC2 1,5te,_—/5 60 — ns 
Control pulse to ALE 
RD, WR, PROG tc At tc. —40 50 — ns 
Control pulse to ALE 
PSEN tca2 A4tc,. —40 320 ~ ns 
Port control set-up to PROG tcp 1,5tc, —80 50 _ ns 
Port control hold to PROG tpc 4tc,.—260 100 — ns 
PROG to Port 2 input must be valid tpR 8,5tc, —120 —_ 650 ns 
Input data hold time from PROG tpr 1,5teL 0 150 ns 
Output data set-up time tpp 6tc, —290 250 = ns 
Output data hold time tpp 1,5tc_—90 40 = | ns 
PROG pulse duration tpp 10,5tc, —250 700 | — | ons 
Port 2 1/O data set-up time to ALE tp. 4tc,.—200 160 = ns | 
Port 2 1/0 data hold time to ALE tp 1,5tc; —120 15 — ns Pane 
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A.C. CHARACTERISTICS (continued) 


parameter symbol F(tc,) 11 MHz unit 
| (note 2) 
min max 
Port output from ALE 4, 5tc_+100 — 510 ns 
TO repetition rate StcL 270 — ns 
Cycle time WfxTaAL x 15) | 1,36 15 US 
MAF80A48H/A35HL; 
MAF80A49H/A39HL; 
MAF80A50H/A40HL 
—e Clock period (note 2) WH(fX TAL) 90,9 1000 ns 


Notes to A.C. characteristics 
1. Control outputs: Cy = 80 pF. 
Bus outputs: C, = 150 pF. 
2. f(tc,.) assumes 50% duty cycle on XTAL 1 and XTAL 2; minimum frequency = 1 MHz. 
3. Bus high-impedance load: 20 pF. 


2,0V 2,0V 


test points — 7297119 
A.C, testing inputs are driven at 2,4 V for a logic 1 and 0,45 V for a logic 0. Output timing measurements 
are taken 2,0 V for a logic 1 and 0,8 V for a logic 0. 


Fig. 13 A.C. testing input, output waveform. 


«tL AFC1> 
ALE 


<«—§@$£— tcc, ———> <— Cal 


RD 


~«-tpre 


—__ 
BUS FLOATING ADDRESS C FLoatins YK pata > FLOATING 


<trp1i—- 7287393 
SSS A Se 


Fig. 14 Read from external data memory. 
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Single-chip 8-bit microcontroller 


tLAFC1 ——> 
ALE 
a IC Ge — CAT 
WR 
=< twp sal 
tOW >, 
BUS FLOATING ADDRESS FLOATING FLOATING 
ee LAW 7287394 
Fig. 15 Write to external memory. 
<< tcy = 
<——— ttt ——_> 
~«<— 'LAFC2—» 
ALE 
<—<—___-—__. tcc2 no 
—~ TAFC2 |<— | tca2 |~<«- 
PSEN 


ro ty oe —i tprR <~— 


BUS FLOATING ADDRESS C FLOATING insta. FLOATING 


=<«—— trp2—> 7287392 
eee tap2 —_—_oOo OOOO 


Fig. 16 Instruction fetch from program memory. 
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EXPANDER 
PORT ‘ PROGRAM COUNTER HIGH P20 to P23 DATAX PORT CONTROL (| OUTPUT DATA ) 
OUTPUT r = 


—>| TPF ja 


<«—__—_ tpR ———____» 


EXPANDER as _ 


P20 to P23 DATAY PORT CONTROL (eontconTROLK wae 


PORT 4 PROGRAM COUNTER HIGH 
INPUT 


PROG 
7287395.2 


Fig. 17 Port 2 timing. 
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OUTPUT 


P24 to P27 
P10 toP1/ 
OUTPUT 


15t cycle <—— tp_——»|_ 9nd cycle <—— tpyy —_») 


PROGRAM COUNTER HIGH PORT P20 toP23 DATA 


PORT P24 to P27 & P10 toP17 DATA 


Fig. 18 1/O port timing. 
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SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 
The MAB84X1 family of microcontrollers is fabricated in NMOS. The family consists of 5 devices: 
e@ MAB8401 — 128 bytes RAM, external program memory, with 8-bit LED-driver (10mA), 


emulation of MAB/F8422/42* possible 
@ MAB/MAF8411 — 1K byte ROM/64 bytes RAM plus 8-bit LED-driver 
@ MAB/MAF8421 — 2K bytes ROM/64 bytes RAM plus 8-bit LED-driver 
@ MAB/MAF8441 — 4K bytes ROM/128 bytes RAM plus 8-bit LED-driver 
© MAB/MAF8461 — 6K bytes ROM/128 bytes RAM plus 8-bit LED-driver 


Each version has 20 quasi-bidirectional |/O port lines, one serial 1/O line, one single-level vectored 
interrupt, an 8-bit timer event counter and on-board clock oscillator and clock circuits. Two 20-pin 
versions, MAB/F8422 and MAB/F8442* are also available. 


This microcontroller family is designed to be an efficient controller as well as an arithmetic processor. 
The instruction set is based on that of the MAB8048. The microcontrollers have extensive bit handling 
abilities and facilities for both binary and BCD arithmetic. 


For detailed information see the “’8-bit Single-chip Microcontrollers user manual’”’. 


* See data sheet on MAB/F8422/42. 


Features 


@ 8-bit: CPU, ROM, RAM and 1|/O in a single 28-lead DIL package 
@® 1K, 2K, 4K or 6K ROM bytes plus a ROM-less version 
@ 64 or 128 RAM bytes 
@ 20 quasi-bidirectional I/O port lines : : 
@ Two testable inputs: one of which can be used to detect zero cross-over, the other is also the 
external interrupt input 
@ Single level vectored interrupts: external, timer/event counter, serial |/O 
® Serial |/O that can be used in single or multi-master systems (serial I/O data via an existing port line 
and clock via a dedicated line) 
8-bit programmable timer/event counter 
Internal oscillator, generated with inductor, crystal, ceramic resonator or external source 
Over 80 instructions (based on MAB8048) all of 1 or 2 cycles 
Single 5 V power supply (+ 10%) 
Operating temperature ranges: Oto+ 70°C MAB84X1 family 
—40to+ 85°C MAF84X1 family only 
—40 to + 110 °C MAF84AX1 family only 


PACKAGE OUTLINES 


MAB8401B: 28-lead ‘Piggy-back’ package (with up to 28-pin EPROM on top). 
MAB8401WP: 68-lead plastic leaded chip-carrier (PLCC) (SOT-188A). 
MAB/MAF8411/21/41/61P: 28-lead DIL; plastic (SOT-117). 
MAF84A11/21/41/61P: 28-lead DIL; plastic (SOT-117). 
MAB8411/21/41/61T: 28-lead mini-pack; plastic (SO-28; SOT-136A). 
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PINNING 


P13 


P10 


RESET 


XTAL2 


XTAL1 


7Z84529,1 


Fig. 1 Pinning diagram for mask-programmable devices MAB8411, MAB8421, MAB8441, MAB8461 
and for MAB8401 ‘Piggy-back’ version bottom pinning (for top pinning see Fig. 2). 


PINNING DESIGNATION 


Vss 
Vcc 
POO — P07 
P10 — P17 
P20 — P23 


SCLK 
INT/TO 


T1 


RESET 
XTAL1 


XTAL2 


DENN 


November 1986 


14 

28 

4-11 
18 — 25 
26, 27, 1, 2 


3 
12 


13 


17 
15 


16 


Ground 

Power supply, + 5 V 

Port 0, 8-bit quasi-bidirectional 1/O port 

Port 1, 8-bit quasi-bidirectional |/O port with 8-bit LED driver 

Port 2, 4-bit quasi-bidirectional! |/O port, P23 is the serial data |/O in 
serial 1/O mode 

Bidirectional clock for serial !/O 

External interrupt input (sensitive to a negative-going edge min LOW 
> 7 clock pulses, min HIGH > 4 clock pulses), testable using the JTO 
or JNTO instructions. : 

Input pin, testable using the JT1 or JNT1 instructions. It can be 
designated as event counter input using the STRT CNT instruction. It 
can also be used to detect zero cross-over of slowly moving a.c. inputs. 
Input to initialize the processor (active HIGH). 

Connection to timing component (crystal) that determines the 
frequency of the internal oscillator. It is also the input for an external 
clock source. 

Connection to other side of the timing component. 
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Single-chip 8-bit microcontroller 


FAMILY 
MAB8401B (top pinning) PIN DESIGNATION 

designation pin function 
Vss 14, 22 Ground 
Vcc 1, 26—28 Power supply, + 5 V 
A0—A12 10—3, 25, 

24,21, 23,2 Address outputs — 
DO—D7 11—13, 

15—19 Data inputs 
PSEN 20 Program store enable 


Fig. 2 Pinning diagram for MAB84018B ‘Piggy-back’ 
version top pinning (for bottom pinning see Fig. 1); 
to access a 2732 or 2764 EPROM. 


Note 
Access times for ROMS/EPROMS to be below 1 us. 


7286139 


SCLK 


(data bus) 


DO-D7 


EPROM 


max. 8K bytes 


MAB8401 
BOND OUT CHIP 


INT/TO 


RESET 
XTAL1 
> 


XTAL2 


Fig. 2a Connection of EPROM to 
‘Piggy-back’ package MAB8401B. 


7287362.1 
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P23/SDA 


| EMU20 
P15 
P14 


eee 


| 59 | P13 
PO2 j 58 | P12 
P03 | 57 | p11 
Poa | 14 56 | P10 
Pos | 15 | 55 | RESET 
P06 | _16 54 | XTAL2 
POT | 17 | [ 53 | XTALI 
a 87] MAB8401WP [52] WALT 
inta [73] [si] ctx 
iNt/to [20 _| PSEN 
Ti {21 4 49 | 07 
po{ 22 | [48 | D6 
Dif 23 | | 47 | D5 
D2; 24 | 46 | D4 
A12 | 25 [ 45 103 
26 44 | 
a ec er a 
Fig. 3 Pinning diagram; PLCC. 
CHIP CARRIER DESIGNATION 
designation pad no, function 
Vss 35 Ground 
Vee 68 Power supply, + 5 V 
PGO--PO7 4—5,12—17 Port 0, 8-bit quasi-bidirectional |/O port 
P10—P17 56-59, 62—-65 Port 1, 8-bit quasi-bidirectional 1/O port 
P20—P22 66, 67, 1 Port 2, 4-bit quasi-bidirectional 1/O port; P23 is the serial 
P23/SDA 2 data I/O in series 1/O mode 
SCLK 3 Bidirectional clock for serial |/O 
INT/TO 20 External interrupt input (sensitive to a negative-going edge), 


testable using the JTO or JNTO instructions 
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T1 


HALT 


INTA 


21 


55 
53 


54 
34 
41-36, 33-28 
25 
22-24, 45—49 
51 
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Input pin, testable using the JT1 or JNT1 instructions. It can be 
designated as event counter input using the STRT CNT inctruction. 
It can also be used to detect zero cross-over of slowly moving a.c. 
inputs. 

Input to initialize the processor (active HIGH) 

Connection to timing component (e.g. crystal) that determines 
the frequency of the internal oscillator. It is also the input for an 
external clock source. 

Connection to other side of the timing component 

External serial 1/O interrupt (active- LOW) for emulation of 
MAB/F8422/42. 

Program memory address outputs (active HIGH); AO = LSB, 

A12 = MSB. Address output change after begin Phi3 of TS8. 
Data input lines (active HIGH) used for reading external program 
memory. DO = LSB, D7 = MSB. 

Clock output buffered from XTAL2. On the positive-going edge 
the (internal) Phi clock goes HIGH. 

Program store enable. This signal is used for enabling the external 
EPROM (e.g. on the ‘Piggy-back’ version). For emulation, it 
enables the emulation memory and it indicates machine cycles. 
Active LOW during TS9, TS10 of each machine cycle and TS1 of 
the following machine cycle. 

Cycle 1 indication output (active LOW). During emulation, this 
signal indicates the opcode fetch cycle (useful for external 
instruction decoding, real-time trace). Active from start of TS10 
of the cycle preceding cycle 1, until the start of TS10 of cycle 1. 
Halt input (active LOW). If activated, the current instruction is 
finished and the microcontroller stops execution (HALT mode). 
The next program counter address is available on the address bus. 
Program counter and timer/event counter are no longer updated. 
The serial I/O finishes the current transmit/receive action and 
goes into the idle state. Interrupts are not sampled in the HALT 
mode, they are only sampled when the microcontroller is running. 
Interrupt routines can be single-stepped as a normal program. 
Interrupt acknowledge output (active LOW). It indicates any 
interrupt acception. Active from start of TS8 of the interrupted 
cycle, until start of TS7 of the second cycle of the (internally 
forced ‘CALL vector address’ instruction. During INTA active, 
the address bus shows the address that has been saved in the stack 
(return address); the C1 output indicates opcode fetch cycles as 
if auser CALL was executed. 

Emulate 20-pin version MAB/F8422/42 (active-LOW). 
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SERIAL DATA/P23 


cee Ee er 7 a 
(pin 2) f P17—Pi9 EMU20 P97—Poo 
scuK Ponsho5 || RESIDENT Rom | | ” 
a (pins 1, 27, 26) | 
; | |. 8411: 1K BYTES | | 
8421: 2KBYTES 
| 8441: 4K BYTES 
, | 8461: 6 KBYTES 
| 
| 


CLOCK DATA PORT 2 PORT 1 
BUFFER BUFFER 


PORT 2 
LATCH 


DECODE 


MEMORY 
BANK 
FLIPFLOPS 


+ 32 TIMER/ 
EVENT - 
COUNTER 


INTERNAL ~ (8) 
CLOCK 


PORT 0 
BUFFER 
FREQ. TEST 1 Kl _ | timer H 
inter. 


PORT 0 
LATCH 
! 


INTER- MULTIPLEX 
ACCUMULATOR TEMP. REG. 1 TEMP. REG. 2 RUPT Pee = 
(8) (8) (8) LOGIC REGISTER REGISTER 0 
REGISTER 1 
REGISTER 2 


SERIAL 

INPUT / 

OUTPUT 
INTERFACE 


HIGHER 
PROGRAM 
COUNTER 

(5) 


LOWER 
PROGRAM 
COUNTER 
(8) 


PROGRAM 
STATUS 
WORD 


MUX ARITHMETIC INSTRUCTION REGISTER 3 
LOGIC UNIT REGISTER REGISTER 4 
| REGISTERS | 
ow DECODER SESISTEN? 

EXSI 0 
: 
te) 8 LEVEL STACK 
: (VARIABLE LENGTH) 

Voc «— TEST 0 : 
f OPTIONAL SECOND 
POWER x“ a <— TEST 1 REGISTER BANK 
SUPPLY SS exte TIMER 
— GND interrupt CONDITIONAL Jqe— 
ADJUST SANG FLAG 
LOGIC = J — CARRY - DATA STORE 
i4——- ACC : 
CONTROL & TIMING 
ae ACC BIT 
iNT/TO RESET XTAL1 XTAL2 TEST 
RESIDENT RAM ARRAY ~ 
INTERRUPT INITIALIZE OSCILLATOR ; | 8411 °: 64BYTES 
XTAL 8421 : 64BYTES 
carve ie eee he . 8441 :128BYTES 
(1) EXSI and EMU20 for MAB401WP only : 7283739.4 6461: 128 BYTES 
6 
Fig. 4a Block diagram of the MAB84X1 family. 
- 
| PSEN 
| 1 
| HALT —>' 
! INTA 
ian 
7286142 
Fig. 4b Replacement for dotted part in Fig. 4a Fig. 4c Replacement of dotted part in Fig. 4a 


for the MAB8401WP bonda-out version. | for the MAB8401B ‘Piggy-back’ version. 
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Single-chip 8-bit microcontroller 


FUNCTIONAL DESCRIPTION (for more detail see Microcontroller Users Manual) 
Bond-out version MAB8401WP 


The bond-out version is a microcontroller that contains no on-board ROM, but has all address and 
data lines brought out to access an external ROM or EPROM. So, this version has more pins than the 
standard microcontrollers with on-board ROM. It has all the features of the other members of the 
MAB84X1-family, including emulation facilities for the MAB/F8422/42 (20-pin version). It can 
address 8K bytes of external ROM. The RAM has 128 bytes. 


Piggy-back version MAB8401B 


The Piggy-back version is a special package that has standard pinning to the bottom which facilitates 
insertion as a mask-programmed device. An EPROM is mounted on top in an additional socket. Thus, 
the total package height is greater than the standard DIL package. Emulation of the 8422/42 is not 
possible. 


Program and data memory 


The program memory (ROM) is mask-programmed at our factory. Because the MAB84X1-family offers 
a range of ROM capacities to suit the application, ROM expansion is not required. Figure 5 shows the 
program memory map. Program memory is arranged in banks of 2K bytes, that are selected by SEL MB 
instructions. 


MAB8461 MAB8401/41/61 es 
my " 7 | 


SEL MB2 
| MAB 8421 64|_ _ USER __ 
MAB8441 po MAB 8411 63 RAM 
addressed 
indirectly 
SEL MB 1 through pointers 
| RO, R1, RO’, R1’ 
MAB8421 | _ 
SEL MBO directly 
VODING addressable 
REGISTERS When bank’ 
is selected 


MAB8411 {1) The program memory of 


6K to 8K can be used 
via the SEL MB3 instruction 
8 LEVEL 
STACK 
; or 
a USER RAM 
: 16x8 


BANK O 


WORKING | cGdrescable 
REGISTERS when ban’ 
8 : 8x8 is selected 
7 location 7 : timer/counter inter- 
6 rupt vector 
5 location 5: serial |/O interrupt «a 
4 vector 7Z84535.5 
3 location 3 : external interrupt 
2 vector 
1 Fig. 6 The data memory map. 
0 location 0: reset vector 
7284 536.6 <4 


Fig. 5 The program memory map. 
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FUNCTIONAL DESCRIPTION (continued) 


The data memory (RAM) consists of 64 or 128 bytes (8-bit words). All locations are indirectly 
addressable using RAM pointer registers and up to 16 designated location can be addressed directly. 
The memory also includes an 8-level program counter stack addressed by a 3-bit stack pointer. 
Figure 6 shows the data memory map. 


On-chip peripheral functions 


In addition to the CPU and memories, an interrupt system, I/O facilities, and an 8-bit timer/event 
counter are integrated on-chip to assist the CPU in repetitions, complicated or time-critical tasks. The 
|/O facilities include the I/O pins, parallel ports and a serial I/O port, consisting of a data line SDA 
shared with a parallel port line (P23), and a dedicated clock line SCLK. 


I/O facilities 
The MAB84XX family has 23 1/O lines arranged as: 


@ Two parallel ports of 8 lines (POO—PO7, P10—P17). Each line of Port 1 can sink 10 mA. 

@ A parallel port of 4 lines (P20—P23) 

® A serial |/O consisting of a data line shared with a parallel port line (P23) and a separate clock line 
SCLK; 

@ An external interrupt and test input INT/TO, which when used as a test input can be tested by the 
conditional jump instructions JTO or JNTO; 

® A test input T1, which can alter program sequences when tested by conditional jump instructions 
JT1 or JNT1. T1 can also be used as an input to the timer/event counter or to detect zero cross-over 
of slowly moving a.c. signals. 


All parallel port lines are available in three optional output configurations (except P23 — option 1 only): 


@ Option 1; open drain output without pull-up transistor (Fig. 7(a)) 
® Option 2; open drain output with pull-up transistor (Fig. 7(b)) 
@ Option 3; push-pull output with pull-up transistor (Fig. 7(c)) 


If the inputs and outputs on a port are mixed (mixed-mode), the inputs should be options 1 or 2 but 
not option 3. This prevents cross-currents via TR2 and an external connection to ground, while 
switching the output on the same port and in parallel, masking the inputs with logic ‘1’ s. 


The MAB84X1 family serial |/O interface has been designed to eliminate the heavy processing load 
imposed upon a normal microcontroller performing serial data transfer. Whereas a normal microcon- 
troller must regularly monitor the serial data bus for the presence of data, the serial I/O interface 
detects, receives and converts the serial data stream into a parallel format without interrupting the execution 
of the current program. An interrupt is sent to the microcontroller only when a complete byte is 
received. Then, the microcontroller reads the data byte in one instruction. Likewise, for transmission, 
the serial |/O interface performs parallel to serial conversion and subsequent serial output of the data 
and the microcontroller is only interrupted in the execution of its programmed tasks when a complete 
byte has been transmitted. The design of the serial !/O interface allows any number of MAB84X1 
family devices and peripheral circuits with 1?C bus compatibility to be interconnected by the two-line 
serial bus. This is achieved by allocating a specific 7-bit address to each device and ensuring that a 
device reacts only to a message preceded by its own address or the ‘general call’ address. 


Address recognition is performed by the interface hardware so that the microcontroller need only be 
interrupted when a valid address is received. This saves significant processing time and memory space 
compared to a conventional microcontroller with a software serial interface. When the address facility 
is not required, for instance in a system with only two microcontrollers, direct data transfer is possible. 
In multi-master systems, an automatically invoked arbitration procedure prevents two or more devices 
transmitting simultaneously. 
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7284534.3 
(c) 
Fig. 7 Quasi-bidirectional 1/O interface with (a) open drain output without pull-up transistor, (b) open 
drain output with pull-up transistor, (c) push-pull output with pull-up transistor. 


Serial 1/O interface 

Figure 8 shows the serial !/O interface. The clock line of the serial bus has exclusive use of pin 3 
(SCLK) while the data line shares pin 2 (serial data) with the 1/O line P23 of port 2. When the seria! 
1/O is enabled, P23 is disabled as a parallel port line (P23 and SCLK only open drain). 


The microcontroller and interface communicate via the internal microcontroller bus and the Serial 
Interrupt Request line. Data and information controlling the operation of the interface are stored in 
four registers: 


® data shift register SO, 

® serial 1/O interface status word $1, 
® serial clock control word S2, 

® address register. 
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FUNCTIONAL DESCRIPTION (continued) 
Serial 1/O interface (continued) 
Data shift register SO 


SO is the shift register that converts serial data to parallel format and vice versa. A pending interrupt is 
generated only after a complete byte has been transmitted, or after a complete data byte, specific or 
general call address has been received. The most significant bit is transmitted first. 


Status word S1 


$1 provides information about the state of the interface and stores interface control information from 
the microcontroller. The four most significant bits are common to both read and write instructions, 
with a separate 4 read-only control bits and 4 write-only interface status bits. 


MST and TRX 
These bits determine the operating mode of the serial !/O interface (Table 2). 


Table 1 Operating modes of the serial !/O interface. 


slave receiver 


master receiver 
slave transmitter _ 
master transmitter | 


BB: Bus Busy 
This bit indicates the status of the bus. 


PIN: Pending Interrupt Not 


PIN = ‘O’ indicates that there is an interrupt pending. This causes a Serial Interrupt Request when the 
serial interrupt mechanism is enabled. 


ESO: Enable Serial Output 

The ESO flag enables/disables the serial 1/O interface: ESO = ‘1’ enables 
ESO = ‘0’ disables 

BCO, BC1 and BC2 


These bits indicate the number of bits received or transmitted in a serial data stream. 
Bits ESO, BCO, BC1 and BC2 can only be written via software. 


AL: Arbitration Lost 


The AL flag is set via the hardware when the serial 1/O interface, as a master transmitter, loses the bus 
arbitration procedure. 


ASS: Addressed As Slave 


This flag is set via the hardware when the interface detects either its own address or the ‘general call’ 
address as the first byte of a transfer and if the interface has been programmed to operate in the 
address recognition mode. 
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ADO: Address Zero 


This flag is set via the hardware after the general call address is detected when the interface is operating 
in the address recognition mode. 


LRB: Last Received Bit 


This contains either the last data bit. received or, for a transmitting device in the acknowledge mode, 
the acknowledge from the receiving device. 


Bits AL, AAS, ADO and LRB can only be read via software. 


Clock contro! register S2 


Bits O to 4 of S2 are used to set the frequency of the serial clock signal. When a 4,43 MHz crystal is 
used, the frequency of the serial clock can be varied between 100 kHz and 720 Hz. An asymmetrical 
clock with a HIGH to LOW ratio of 3 to 1 is produced by setting bit 5. The asymmetrical clock allows 
a microcontroller more time per clock period for sampling the data line, making the timing of this 
action less critical. Bit 6 is used to activate the acknowledge mode of the seria! !/O. S2 is a write-only 
register. 


Address register 


The address register contains the 7-bit address back-up latches and the bit (ALS) used to enable/disable 
the address recognition mode. Only when ESO = 0 can the address register be written using the | 
MOV SO,A and MOV SO,#data instructions. 


Serial 1/O interrupt logic 


The interrupt logic is enabled by the EN SI instruction and disabled by DIS SI. When the interrupt 
logic is enabled, a pending interrupt results in a serial 1/O interrupt to the controller, causing a jump 
to location 5 in the ROM. When the logic is disabled, the presence of an interrupt is still indicated by 
the PIN bit in register S1. Therefore, an interrupt can still be serviced but a vectored interrupt will 
not occur. 


interrupt system 


External events and real-time on-chip peripherals require servicing by the CPU asynchronous to the 
execution of any particular section of code. To tie the asynchronous activities of these functions to 
normal program execution, three single-level nested interrupts are provided. 


Each interrupt vectors to a separate location in the program memory for its service program. Each 
source can be individually enabled or disabled. When more than one interrupt occurs simultaneously, 
their priority will be: (1) external, (2) serial 1/O and, (3) timer/event counter. An additional external 
interrupt can be created using the timer/event counter interrupt. 
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FUNCTIONAL DESCRIPTION (continued) 
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Fig. 8 The serial 1/O interface. 
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Test input T1 
The T1 input line can be used as: 


® atest input for branch instructions, 
® an input for zero voltage cross-over detection, 
@® an external input to the event counter. 


An internal pull-up transistor is provided as a ROM mask option. This is useful when the input is from 
a switch or standard TTL output. 


When 11 is used as a test input, the JT1 or JNT1 instructions test for a HIGH or a LOW respectively. 


When used for zero-cross detection purposes, the T1 input must be coupled through a capacitor of 
typical value 1 wF and operation carried out using the T1 input without the pull-up transistor. The 
maximum input voltage amplitude is 3 V (peak-to-peak), with a maximum operational frequency of 

1 kHz. The T1 input has an on-chip d.c. offset circuit which self-biases the input to its exact switching 
level of 1V. As a consequence a small change will cause a digital transition to occur. The 

switching level of the T1 input circuit is within the bias voltage of + 135 mV. Upon each positive cycle 
on the pin, the event counter is incremented and an overflow will set the timer flag TF. Zero 
cross-over detection used in conjunction with the timer/event counter interrupt, is useful in thyristor 
control of power equipment. Figure 9 illustrates, (a) the input waveform, (b) the input diagram and 
(c) the on-chip self-stabilized bias. 


zero — cross | 
‘\ 3 V max input 13 |T1 


d.c. component 


(p-p) 
a.c. source | 
— 1 pF MAB 84X1 
MAB 84X11 interpretation 
7297597 
a 59 (b) V 
bias voltage Vp 
1,0 
| T1 
1 uF | 0 
7297599 t 
a.c. source — T1/event counter 
| 
| 
VB 


(c) 
7297598 


Fig. 9 Zero-cross detection Circuitry. 


The operation of T1 as an input to the timer/event counter is described under the heading Timer/ 
event counter. 
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High current outputs | | 
Ten pins are provided that can sink high currents: 


— P23 (serial data), pin 2 5 mA at 0,45 V (open drain), 
— SCLK, pin 3 5 mA at 0,45 V (open drain), 


—P10—P174 7 10 mA at 1 V 


& P10 to P17 may be connected in parallel if their logic outputs are always the same. 


Purchase of Philips’ 1?C components conveys a license under the 
Philips’ 12C patent to use the components in the I2C-system _ 
provided the system conforms to the !?C specifications defined 

_ by Philips. 
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FUNCTIONAL DESCRIPTION (continued) 


Timer/event counter 


An 8-bit binary up-counter is provided. This can count external events, machine cycles divided by 32, 
or machine cycles directly. When used as a timer, the input to the counter is either the overflow or 
input of a 5-bit prescaler. When used as an event counter, LOW to HIGH transitions on T1 (pin 13) are 
counted. The maximum rate at which the counter may be incremented is once every machine cycle 
(200 kHz for a 5 us machine cycle). Figure 10 illustrates the timer/event counter. 


XTAL+ 
(internal clock 
frequency ) 


T1 EDGE 
DETECTOR 


PRESCALER 
+32 


30 


cleared on 
start timer 


PS=1 


jump if 
timer flag 
load or read =| 


8-BIT 
TIMER/ 
EVENT 

COUNTER 


cleared 
on reset 


A= START TIMER. 
B = START COUNTER. 


_ © = STOP TIMER/COUNTER 7289148 


Fig. 10 The timer/event counter. 


Differences between the MAB8021 and MAB8048 microcontrollers, and the MAB84X11 family. 


ROM capacity (bytes) 

RAM capacity (bytes) 

paralel 1/O lines 

single inputs 

serial 1/O 

timer 

prescaler 

machine cycle time (ys) 
for clock (MHz) 

instruction set 


interrupts 


no. of pins (DIL) 


ROMless, 1K, 2K, 4K, 6K 
64, 64, 128, 128 
8+8+4 
2 
yes, 2-line multi-transmitter 
8 bit 
mod. 1 & mod. 32 
5 
6 
~ 8048 with omissions; 
5 new serial |/O instructions; 
2 new register instructions; 
2 new control instructions; 
1 new cond. branch instruction 
3 
external 
serial 1/O 
timer/event counter 
(PLCC-68) 28 


external 
timer/— 

event counter 
40 


November 1986 


MAB84X1 
MAF84X1 
-MAF84AX1 
FAMILY 


OSCILLATOR CIRCUITRY 


Clock frequency is determined by using the internal oscillator or by connecting an external clock to 
XTAL1. Where the internal oscillator is used, the frequency is set by a crystal between XTAL1 and 
XTAL2, or by a ceramic resonator or an inductor, each with two associated capacitors, between 
XTAL1 and XTAL2 (see Fig. 11a). A machine cycle consists of 10 states, each state being 3 oscillator 
periods. The common 6 MHz crystal gives a 5 ws machine cycle. The MAB84X71 family has dynamic 
logic, and therefore, for adequate refreshing the oscillator frequency must be at least 1 MHz. 


XTAL 1 XTAL 2 
: ——— 1. Crystal — AT-cut 


2. Ceramic resonator 
C1 = C2 = 27 pF 
C1 may be trimmed 
Cy < 6,75 pF (parasitic capacitance) 


C2 
] 7280902 


Fig. 11a Quartz crystal or ceramic resonator mode. 


LC oscillator timing 


yY— XTAL1 


frequency 


XTAL2 


7284843.2 


Fig. 11b LC pi-network. 


Vec Drive XTAL1 
Leave XTAL2 open 
le Driver may be high-speed CMOS or any TTL 
tr, t¢<10ns 


1 
—[>o- XTAL1 


7287978 


Fig. 1ic External drive. 
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PROGRAM STATUS WORD 
The program status word (PSW) is an 8-bit word in the CPU which stores information about the current 
status of the microcontroller (Fig. 12). The PSW bits are: 
bits 0, 1 and 2 — stack pointer bits (SPG, SP7, SP9); 
bit 3 — prescaler select (PS); 0 = divide-by-32; 1 = no prescaling; 
bit 4 — working register bank select (RBS): 
O = register bank 0 
1 = register bank 1; 
bit 5 — not used (1); 
bit 6 — auxiliary carry (AC): | 
half-carry bit is generated by an ADD instruction and used by the decimal adjust 
instruction DA A; 


bit 7 — carry (CY): 
the carry flag indicates that the previous operation has resulted in an overflow of 
the accumulator. 


saved in saved in 


the stack the stack stack pointer 
| CY | AC | 1 |Res PS | sP2 | SPy 
eg ee ee yi i 0 
MSB oe 


7289149 


Fig. 12 Program status word, 


All bits can be read using MOV A, PSW and bit 3 can be written with MOV PSW., A. 


Bits 6 and 7 can be set and cleared by CPU operation. Bit 4 is changed by the SEL RB instruction, 
bit 3 by the MOV PSW,A instruction, and bits 0, 1 and 2 by the CALL, RET or RETR instructions 
and when an interrupt occurs. Bits 4, 6 and 7 are stored in the program counter stack during sub- 
routine and interrupt calls. These bits are restored to the PSW with RETR (return and restore) 
instruction. 


Note: The RET instruction has no restore feature and should not be used at the end of an interrupt 
because this would leave any further interrupts disabled. 


The MAB84X1 family has arithmetic, logical and branching capabilities. The DA A, SWAP A, and 
XCHD instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction 
permits efficient table look up from the current ROM page. 


The conditional branch logic within the processor enables several conditions, internal and external to 
the processor, to be tested by the user’s program. Table 2 lists the conditional branch instructions used 
to change the program execution sequence. The DJNZ instruction decrements a designated register and 
branches if the contents are not zero. This instruction makes the register an efficient program loop 
counter. The JMPP @A instruction allows multiway branches to destinations indirectly addressed by 
the contents of the accumulator. 
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Table 2 Conditional branches _ 


~ JUMP INSTRUCTION 


TEST = =—. .._. | SUMP CONDITION 


accumulator | 0 or non-zero JZ, INZ 
accumulator bit test 1 JBO to JB7 
carry flag Oor1 JNC, JC 
timer overflow flag 1 | JTF 

test input INT  Oort JNTO, JTO 


test input T1 Oor 1 JNT1, JT1 
test flag O 1 JFO 

test flag 1 1 : : «JSF 
register non-zero.  DJNZ 


RESET 
A positive-going signal on the RESET input: 


— sets the program counter to zero, 

— selects location 0 of memory bank O, and register bank O, 

— sets the stack pointer to zero (‘000’B); pointing to RAM address 8, 
— disable the interrupts (external, timer and serial 1/O), 

— stops the timer/event counter, then sets it to zero, 

sets the timer prescaler to divide-by-32, 

resets the timer flag, : | 

sets all ports to logic ‘1’ (input mode), 

sets the serial 1/O to slave receiver mode and disables serial I/O. 


Automatic reset at power-up may be obtained by connecting the RESET pin to Vcc through a 1 uF 
capacitor C, together with a diode to Vcg (cathode to RESET pin). This arrangement is satisfactory, 
if both the voltage (Vcc) rise time and the oscillator start-up time do not exceed either 1 or 10 ms 
respectively. 


The power-on reset circuit is shown in figure 13. At power-on the current drawn by RESET commences: 
to charge the capacitor C. The difference between this increasing capacitor voltage and Vcc is known 
as VRESET.- The charging circuit is designed to hold VaeseT above the lower threshold of a Schmitt 
trigger arrangement long enough to effect a complete reset. The minimum time required; is the oscillator 
start-up time plus two machine cycles. | | 


internal 
pull-down 
device 


7295135.2 


Fig. 13 Typical power-on reset circuitry. 
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INSTRUCTION SET 


The instruction set consists of over 80 one and two byte instructions and is based on the MAB8048 
instruction set. New instructions include those for serial 1/O operation and memory bank selection. 


Program code efficiency is high because all ROM locations on a 256 byte page require only a single 
byte address. 


Table 3 gives the instruction set of the MAB84XX family and Table 4 shows the instruction map. 
The following symbols and abbreviations are used. 


Note: During development of software on a PMDS or similar system, it is important to ensure that no 
jump instruction (direct or indirect), outreaches the final address range of the device. 


symbol description 

A the accumulator 

AC the auxiliary carry flag 

addr program memory address (1 1-bits) 
Bb bit designation (b = O—7) 

BS the bank switch 

C carry flag 

CLK clock signal 

CNT event counter 

D nibble designation (4-bits) 

DBF program memory bank flip-flop 
data number or expression (8-bits) 

FO, F1 flags O and 1 

_ interrupt 

INT external interrupt 

P ‘in-page’ operation designation 

Pp port designation (p = 1, 2 or 4—7) 
PSW program status word 

Rr register designation (r = 0, 1 or O—7) 
SP stack pointer 

T timer 

TF timer flag 

TO, T1 test 0 and 1 inputs 

# immediate data prefix 

@ indirect address prefix 

$ current value of program counter 
= is replaced by 

e 


is exchanged with 
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Table 3 MAB84XX family instruction set 


Pe ae Ness 
zZ l nai ee mm ae | a gl ae P >>> 
9 | mnemonic opcode bytes/ | description function notes | <a7nw 
g (hex.) cycles Po 2 = ae re 
Be ee Pag ale ast 
_ | | ADD A, Rr |6* /1 las register contents to A (A)<{A) + (Rr) , r=0-—7 1 a 
ee | ADD A, @Rr 60 1/1 Add RAM data, addressed by Rr, to A (A)<(A) + ((RO)) 1 

| | 61 | (A)<(A) + ((R1)) 
| | ADD A, #data O03 data | 2/2 Add immediate data to A (A)<(A) + data 1 
| | ADDC A, Rr ee | 1/1 Add carry and register contents to A (A)<(A) + (Rr} + (C) r= 0-7 1 
| | ADDC A, @Rr 70 | 1/1 Add carry and RAM data, addressed | (A)<(A) + ((RO)) + (C) 1 
pt (71 | by Rr, to A | (A}(A) + ((R1)) + (C) 
| | ADDC A, #data 13 data 2/2 |Add carry and immediate data to A | (A)<{A) + data + (C) 1 
| LANLA, Rr 5% /1— |‘AND’ Rr with A (A)<{A) AND (Rr) r= 0-7 
| | ANL A, @Rr 50 1/1 ‘AND’ RAM data, addressed by Rr, with A | (A)<(A) AND ({RQ)) 
| 51 ! (A)<(A) AND ((R1)) 
| E | ANL A, #data 53 data 12/2 ano’ immediate data with A (A)<(A) AND data 
| 
|= |ORLA, Rr 4* hi ‘OR’ Rr with A | (A)<(A) OR (Rr) r=0-7 
2 ‘ORL A, @Rr 40 1/1 |‘OR’ RAM data, addressed by Rr, with A | (A)<(A) OR ((RO)) 
io) 41 (A)<(A) OR ((R1)) 
| < | ORLA, #data 43 data 2/2 ~- \’OR’ immediate data with A (A)<(A) OR data 
| )XRLA, Rr D* 1/1 |/XOR’ Rr with A (A)}{A) XOR (Rr) r= 0-7 
| |XRLA, @Rr | DO 1/1 \‘XOR’ RAM, addressed by Rr, with A (A)<(A) XOR ((RO)) | 
z= he | (Al<(A) XOR ((R1)) 
| | XRL A, #data | D3 data 2/2 ‘XOR’' immediate data with A (A)<(A) XOR data 
| FINCA 7 1/1 increment A by 1 (A)JH(A) +1 
| DECA 07 1/1 decrement A by 1 (A)<(A) — 1 
: Ira A 27 1/1 {clear A to zero (A)<0 
| | CPLA 37 1/1 one’s complement A (A)<NOT(A) 
| |RLA E7 1/1 rotate A left (An + 1)<(Ap) n= 0-6 
|| (Ag) 17) 


=< 
° 
< 
om 
3 
o 
om 
im J 
> 
co 
oOo 
ro 


evi 


“= | RLCA rotate A left through carry 
8 
- 77 rotate A right 
< 
= 67 rotate A right through carry 
= 
= 57 decimal adjust A 
O 
< 47 swap nibbles of A 
MOV A, Rr ae 1/1 move register contents to A 
MOV A, @Rr FO _ {1/1 | move RAM data, addressed by Rr, to A 
F 1 
MOV A, #data 23 data 2/2 move immediate data to A 
MOV Rr, A A* 1/1 move accumulator contents to register 
MOV @Rr,A AO 1/1 move accumulator contents to RAM 
Al location addressed by Rr 
” 
= MOV Rr, #data B* data 2/2 move immediate data to Rr 
© | MOV @Rr, #data | BO data 2/2 move immediate data to RAM location 
= 
a B1 data addressed by Rr 
E XCH A, Rr 2* 1/1 exchange accumulator contents with Rr 
. XCH A, @Rr 20 1/1 exchange accumulator contents with 
21 RAM data addressed by Rr 
XCHD A, @Rr 30 1/1 exchange lower nibbles of A and RAM 
31 data addressed by Rr 
MOV A, PSW C7 1/1 move PSW contents to accumulator 
MOV PSW, A D7 1/1 move accumulator bit 3 to PSW3 
MOVP A, @A A3 1/2 move indirectly addressed data in 


Current page to A 


(A, + 1)<Ap 
(Ag)<(C), (C)<(A7) 
(An) (An + 1) 
(A7)<(Ag) 


(An)<(An + 1) 
(A7)<(C), (C)<(Ag) 


(Ag_7)(Ag_3) 
(A)<—(Rr) 


(A)<((RO)) 
(A)<((R1)) 


(A)<data 
(Rr)<(A) 


((RO))<(A) 
((R1))<(A) 


(Rr)<data 


((RO))<-data 
((R1))<-data 


(A)+(Rr) 


(A)+((RO)) 
(A)((R1)) 


(Ap_3)#((ROg_3)) 
(Ag_3)?((R19_3)) 
(A)<(PSW) 

(PSW3)<(A3) 
(PCo_7)<(A), (A)<((PC)) 


r = 0-7 


mnemonic opcode bytes/ | description function notes 
(hex.) cycles 


n 
a 
= 
© 
© 
=. 
1°) 
@° 
c. 
~* 
=! 
q 
= 
2] 
7) 
©) 
= 
eb 
= 
o. 
> 
® 


nN<s<ze 
FP >>> 
<mn7now 
Beers 
<3xX 
oe 


L 


B 
Ba 
- 
= clear carry bit | | (C)<-0 > = = = 
S complement carry bit (C)}<NOT(C) = O S 
~< a 
S increment register by:1 (Rr)<(Rr) + 1 = % >< 
r increment RAM data, addressed by Rr, ((RO))<((RO)) + 1 7 
© by 1 ((R1))((R1)) + 1 


decrement register by 1 (Rr)<(Rr) —1 


decrement RAM data, addressed by Rr, ((RO))<((RO)) —1 
by 1 ((R1))<((R1)) —1 


JMP addr @ 4 address | 2/2 unconditional jump within a 2K bank (PCg__49)<-addrg_79 
(PCo_7)<addrp_7 
(PC44_12)<-MBFF 0-1 
(PCo_7)<((A)) 


decrement Rr by 1 and jump if not (Rr)<+(Rr) —1 
zero to addr if (Rr) not zero (PCo_7)+addr 


decrement RAM data, addressed by Rr, ((RO))<((RO)) —1 
by 1 and jump if not zero to addr if ((RO)) not zero (PCo_7)<addr 


E1 address ((R1))<((R1)) —1 
if ((R1)) not zero (PCo_7)<-addr 


JMPP @A indirect jump within a page 
DJNZ Rr, addr E* address 


DJNZ @Rr, addr | EO address 


BRANCH 


JBb addr 
JC addr 
JNC addr 
JZ addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JTF addr 
JNTF addr 


4 2 address 
F6 address 
E6 address 
C6 address 
96 address 
36 address 
26 address 


56 address | 


46 address 
16 address 
O06 address 


jump to addr if Acc. bit b =-1 
jump to addr if C= 1 

jump to addr if C=0 

jump to addr if A=0 

jump to addr if A is NOT zero 
jump to addr if TO = 1 

jump to addr if TO=0 

jump to addr if T1 = 1 

jump to addr if T1 =O 

jump to addr if Timer Flag = 1 
jump to addr if Timer Flag = 0 


ifb = 1: (PCo_7)<addr 
if C = 1: (PCg_7)<addr 
if C =O: (PCo_7)<addr 
if A = 0: (PCo_7)<addr 
if A#0: (PCo_7)<addr 
if TO = 1: (PCo_7)<addr 
if TO = 0: (PCo_7)<addr 
if T1 = 1: (PCo_7)<addr 
if T1 = 0: (PCo_7)<addr 
if TF = 1: (PCo_7)<addr 
if TF = 0: (PCo_7)<-addr 


OS6L 429qQWaAONJ 


StL 


mnemonic opcode bytes/ | description function notes 
(hex.) cycles 


_, | SEL RBO select register bank 0 (RBS)<0 5 
©O | SEL RB1 select register bank 1 (RBS)<1 5 
Z SEL MBO select program memory bank 0 (MBFFO)<0, (MBFF1)<-0 
© | SEL MB1 select program memory bank 1 (MBFFO)<1, (MBFF1)<0O 
SEL MB2 select program memory bank 2 (MBFFO)<0, (MBFF1)<1 
SEL MB3 select program memory bank 3 (MBFFO)<1, (MBFF1)<1 
CALL addr 4 4 address jump to-subroutine ((SP))<(PC), (PSW4 6 7) 
(SP)<(SP) + 1 
i (PCg_49)<addrg__19 
= (PCo_7)<-addrp_7 
. (PC 14~—12)<MBFF 0-1 
a RET return from subroutine (SP)<(SP) —1 
= (PC}((SP)) 
RETR return from interrupt and restore (SP)<(SP) —1 a zzz 
it: >P>P 
bits 4, 6, 7 of PSW (PSW4 6 7) + (PC)<((SP)) = nD 
= eckectos) 
< AAA 
> << 
< adh oh 


MOV A, T move timer/event counter contents to (A)<(T) 


accumulator 


MOV T,A move accumulator contents to (T)<(A) 


timer/event counter 


STRT CNT 
STRT T 
STOP TCNT 
EN TCNTI 
DIS TCNTI 


EN | 
DIS | 


start event counter 


start timer 


4 
5 
c 
@ 
} 
= 
os 
td 
o 
o 
3, 
© 
= 
° 
© 
fe} 
5 
= 
=y 
= 
o 
=~ 


stop timer/event counter 


enable timer/event counter interrupt 


TIMER/EVENT COUNTER 


disable timer/event counter interrupt 


enable external interrupt 


disable external interrupt 


L 


ov 


Sa AE USER 


Q986| 49qQWaAON 


IN A, Pp 08 [1/2 | input port p data to accumulator | (A)<(PO) | pes 
15 | oe (A)<(P1) : <n 
= OA | (A)<(P2) im, CaaS 
5 OUTL Pp, A 38 1/2 | output accumulator data to port p (PO)<(A) <= 
= 39 (P1)<(A) 
2 3A (P2)<-(A) 
= | ANL Pp, #data 98 data 2/2 AND port p data with immediate data (PO)<(PO) AND data 
= 99 data (P1)<-(P1) AND data 
= 9A data (P2)<(P2) AND data 
= ORL Pp, #data 88 data 2/2 OR port p data with immediate data (PO)<-(PO) OR data 
< 89 data (P1)<(P1) OR data 
| 8A data (P2)<-(P2) OR data 
OUTL PO,A 90 1/2 Output accumulator data to port ¢ (PO)<-(A) 9 


MOV A, Sy move serial 1/O register contents to (A)<(SO) 


| = accumulator (A)<(S1) 
MOV Sy, A move accumulator contents to serial (SO)<(A) 
a 1/O register (S1)<(A) 
Ss (S2)<(A) 
a MOV Sn, #data move immeidate date to serial (SO)<-data 
= | |/O register (S1)<data 
x (S2)<-data 
7 enable serial 1/O interrupt 
” 


disable serial 1/O interrupt 


Notes to Table 3. 


1. PSW CY, AC affected * *8,9,.A, 8. C.D, €,F 
2. POW CY affected e:0,2,4,6,8,A,C,E 
3. PSW PS affected 4 :1,3,5,7,9, B,D, F 
4. Execution of JTF and JNTF instructions resets the Timer Flag (TF). 

5. PSW RBS affected 

6. PSW SPo, SP4, SP2 affected 

7. (A) = 1111 P23, P22, P21, P20. 

8. (S1) has a different meaning for read and write operation, see serial |/O interface. 

9. Only for software-transfer from the MAB8021. 


Table 4 MAB84X71 family instruction set ” 
= 
| ------------- - $+ - $5 5 en nn nn on nn nn nnn nn nn nn en nn nn nnn nn ne nnn nnn rn nnn nnn nn nn nnn ence rn } Q 
j J @ 
i | Q 
i tase hexadecimal character of opcode =, 
second hexadecimal character of opcode pa 
} BMRPSRMBRS TEES SS TESS SSS SST SSS SHS STS SSS SPS SH SSA ST SSS SSS SK SHS SSS SSM BSE SSE SRS SH SK SS SSS SS SS SS SSH SSS SHS SH SPS SSS HSS HSPs SS sss seers Sst SS Sssssess=| > 
! | 0 i 4 | 2 i 3 | 4 | 5 \ & { 7 | 8 | 9 | A { B | Cc | D | E | F i = 
| teste re ses ete eet SSS SPSS SPSS SSS SASS SSS PSS SHS SSMS SPT SBT SS SS ST SSMS TSS SSP SSSR SRS SSS ST SSS SSA SRST RSS STH SSS SS SHH HH SST SSeS TSS STS SSssSssH=2] 
}; DoD! NOP | 1 i ADD t JMP ft EN IT } JNTF | DEC Al IN A;sPp | 1 MOV AsSn i | 3 
} ! 1 | . As#datal page 0} | addr | | 0 l 14 | z | } 0 | 4 l ] l © 
| ~------------------- -- ---  - - - 5 -  - oo on nn nnn nn nn nnn nn nnn nn nnn nn nnn rn nn nnn nnn nnn nnn nn nen ener rane re) 
} 4 t INC ORr 1 JBO 1 ADDC 1 CALL ! DIS I | JTF 1 INC A } INC Rr | 6 
! ! 0 | 4 { addr |lA:#datal page O01 | addr | | 0 | 1 | 2 | 3 | 4 | 5 1 6 | 7 1 5 
a al a aaa a a a a a a a a a a a a an a a em i wt 
§ 2 | XCH As@Rr | f MOV |} JMP |! EN 1 JNTO | CLR A } XCH A+Rr | Ps 
| t 0 i 4 } l1A»,#datal page 1! TCNTI | addr | i 0 | 4 | z | 3 1 4 | 5 | 6 | 7 | = 
| ----------~---- -- - - = - $$ 5 5 oo nn nn nn on nn nnn nn nr nn nn nn ne nn nn nn nnn een en nnn nn nn nnn nnn nee -n--- = 
i 3 fi XCHD A:a@Rr t $81 1 1 CALL J DIS ! JTO 1 CPL At OUTL Ppidé | 1 MOV Srnodé | | 
j } 0 j 1 H addr | | page i! YTCNTI |} addr ! | 0 I 1 2 1 i 0 | 1 | z i | 
| +-----+--—--+-~—-- - + ~~ + a eer ee ee } 
1 4 | ORL As@Rr ) MOV | ORL | jJMP | STRT | JNT4 1 SWAP | ORL AsRr | 
| i 0 i 4 1 AsT tAr#datal page Zz! CNT } addr | A I 0 | 1 l < H 3 | 4 | 5 i 6 | 7 ! 
| wo eee oe 2-4 $$ - - 5 2 5 2 5 oo nnn oo ooo oo en oo oe oe oe 2 == === -- onan enn ------- 
1.5 § ANL Asa@Rr i JBzZ ? ANL ?} CALL | STRT | JTi } DA A | ANL AsRr } 
j f 0 j i | addr ltA;s#data! page Zi T i eddr | } 0 | i z i 3 | 4 j 5 | 6 i 7 | 
| -------------------~--------- --- + -- = oo en en ne nee on nnn enn nnn nn en nn nnn nnn re nn ne nn nnn nnn enn nnn nae oe ee nen ---- 
' 6 | ADD As@Rr i MOV i i JMP ! STOP |{ 1 RRC A i ADD AsRr | 
! i 6 } 1 1 6TGA } ! page 3! TCNT |} i i 0 l 1 { z i 3 | 4 l 5 H & i 7 | 
 otetererhatahateieneneninatenanateieedenanenenmmeteenaeteaaeetemaatenatetaieteatetatenaamatatananaimataaananaabaaetatatadadatataaaaadbatataamenatetadtatabaamatatatanabaneanatatatetatataamabenaataetatetetataatatataaaaataeaeeaten ] 
1 7 | ADDC AsaRr 1 JB3 4 } CALL 1 | j RR A | ADOC AaRr ] 
i j 0 | 4 ! addr | ! page 3| | | { 0 | i | 2 | 3 i 4 | 5 H & i 7 | 
| ------------------------ +--+ 5-5 on oe oe eo 5 nn nn no oo ee 
1 8 ] { ! | RET ! JMP | EN i | { ORL Ppr#datea i I | 1 { | 
j | i | | page 4/ SI i 1 l 0 i 1 i Z | | | l | } 
j one ee encore nn enn nn nn nn nnn nn nn nn nnn nn nn nn nnn nn nn nnn nn nn nn nnn nn nr nnn nnn nn ce ee nner rene 
+ 9 } OUTL | i JB4 | RETR i CALL | DIS 4 JNZ 1 CLR C 1 ANL Pps&data \ i MOV Sns#data | | 
j ! POA H ! addr | i page 41 SI i addr | | 0 | 4 | z | | 0 | 4 | z { | 
| --------------------------------------- = +--+ +--+ 5-5-5 + + + 5 5 5 5 5 oe ee oe oe ee ne ee ee oo ne 2 ee 5-5 
' A | MOV @RrsA j 1 MOVP | JMP ff SEL | i CPL C | MOV RreAé i 
1 | 3 ! 4 | 1 A:rs@A | page 5S! MBZ | i | 0 ! 1 | zZ | 3 | 4 ] 5 i & i 7 H 
| woo + +--+ -- -- -- + $e 2 ne en on nnn nnn en penn nnn nn oo oo enn 5 on nn en enn ooo 5-2 + -- = === - 
1 B i MOV aRrers#data | JBS5 i JMPP | CALL | SEL !} | 1 MOV Rrs#data } 
! | 0 ! 4 i addr | @A ! page Si MBS | | l 0 | 4g z j 3 | 4 ! 5 | & i 7 | 
| --~~---+--~~~------------~+------ - + = + ee ee oe 5 5 5-5 ee 5 5 ee 5 ee ee ee | 
1 €¢ | DEC aRre | | 1 JPMP ¢t SEL ff J2 $ MOV | DEC Rr i 
I 1 0 1 1 | i 1 page 4l RBO | addr | AsPSW ji 0 } 1 | 2 | 3 1 4 | 5 1 & i 7 j 
oe letealadesteataietedeaietededeataiaiaiateiedeaiedabeaaaiemeieababaataatateiaheteaatanaaenasnanteaaaeataadaiaaeteteneaebebeataetetetebeaaedeiedeete ee ee 
i' D | XRL As@Rr 1 JB& | XRL | CALL | SEL |} } MOV Ff  XRL AsRr I 
> ! | 0 | 1 1 addr {As#datal page 61 RBI i 1 PSWsA | 0 | 1 | 2 | 3 i 4 | 5 | ) | 7 i 
| | wenn nnn nnn ne oo nn nn on nn ne ne en ne enn nnn ren ene en ne nn no ee nn nnn ne eo ee eo en nee eee 
: ) ! € | DYNZ BRreaddr | | | ime i SEL | JNC { RL A | DJNZ Rr> addr { 
s j 9 4 { | | page 71 MBO |! adar | | a) } 4 z 3 i 4 i 5 | & 7 
| beets ae Se Roe SSeS ae eae SS SSS RSS Rag a Se ee ee ee Se Se See eae Se Pee SS aS hee re Se SSS Ste Re SSS eSe sa aS Sees te \ 
| wr 1 F | MOV AsORr 1 JB? 4 ! CALL | SEL ! JC 7 RLC A} MOV A;:Rr ! 
| “| j j 0 ! 4 1 addr | } page 7i MBi ] agdr | | 0 } i { 2 j 3 i & i > | é j 7 ! Tl Z2Zzs 
eS | RSS SREB SES HR RS SSSR SRR R SSR SSS OSS SSS SSS SSS HFS RMT SSS SHSS SSS SPA TSR SST RS RAS SSS SASS SR SRRTR SR ABS R SASS SSS SM STARR ASS SSS SPSS SSS HSS eH SS SSS TRS SSssstz== } > >>> 
= = mn 
oe p= COO 
=< A AHL 
> <>< 
>. aie 
eran, 


Lvl 


Ss ees MABB4X1__ 
MAF B4X1- 
ee oe MAFB4AX1 
FAMILY” 


ae a < oe Table 5 does the additional | MABB4X1 family i instructions 3 including the five for sbcial 1/0 operation ne 
ere ae are not part of the MAB8048 instruction set. i : a 


5 MABE4X1 family instructions not i in nthe 2s MABBO4B instruction set _- 


serial 0 p | eaieat | = conditional branch 
MOV A, Spy DEC @Rr SEL MB2 | JNTF addr 


| MOV S,,A ~ DJNZ @Rr, addr SEL MB3 
MOV Sy, #data 


EN SI 
DIS SI 


Table 6 shows the MAB8048 instructions omitted from the MAB84X1 family instruction set. 


Table 6 MAB8048 instructions not in the MAB84X1 family instruction set 


MOVX A, @R * JNI addr ENTO CLK 
MOVX @R, A JFO addr 

MOVP3 A, @A JF1 addr 

MOVD A, P 
MOVD P,A 
ANLDP,A 
ORLDP,A 


ae ah enema 


* replaced by 
JTO JNTO. 
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Single-chip 8-bit microcontroller 


ABSOLUTE MAXIMUM RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


MAB84X1 
MAF84X1 
MAF84AX1 
FAMILY 


Stress above those listed under ‘Absolute maximum ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device, at these, or any other 
conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


Input voltage on any pin 
with respect to ground (Vss) 


Total power dissipation 

Input/output for all pins except port 1 
input/output current for port 1 
Storage temperature 


Operating temperature standard 
extended 
automotive 


Vy 
Prot 
ly, lo 
Ilo 
T stg 


Tamb 
Tamb 
Tamb 


—05to+7 V 
1 W 
max. 10 mA 
max. 20 mA 
—65to + 150 °C 
Oto+70 °C 
—40 to +85 °C 


—40 to +110 °C 
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-MABB4X1- 


MAF84X1_—_ 
MAF84AX1 
FAMILY 


D.C. CHARACTERISTICS 


Aa rameter 


Supply eurrerit 
MAB | 
MAF | 
MAF84A 

Inputs 


_ Input voltage LOW 
(except P23 and SCLK) 


input voltage LOW 
(P23 and SCLK) 


Input voltage HIGH 


P23 and SCLK) 


‘Input voltage HIGH 
(XTAL1, P23 and SCLK) 


Outputs. 
Output voltage LOW 
— (POO—PO7) — 
Qutput voltage LOW 
(P10-—-P17 for 
-8401/11/21/41/61) 
~ Qutput voltage LOW | 
— (P20—P22). 7 
Output voltage LOW 
| (P23, SCLK) oe 


: s i Output voltage LOW 


(non-standard pins of | 
_ bond-out versions) 


pi voltage HIGH. 
(all outputs unless. 
(open drain). - 


Output leakage current 


November 1986 


(all inputs except XTAL1, 


VOL12 


VOL2_ 


| YOL3 oe 
/Yora 


| VOH. 


+ lOL 


85 
100 
100 


0,45: °] - 


mA 

mA —40 to + 85 °C 

mA —40 to + 110 °C 
V 
Vv Jot = 1,6 mA 
V loLi2=10mA 

Vo | loig=5mA 

Vv lola = 04 mA 

Vo. |. oq = —b0 HA 
Vgss <Vi <Vec 


Wee = 5 V os tel; Vss = 0 V; all voltages with respect to Vs unless otherwise specified 


fot [om [oe T= 


conditions. 


Oto +70 °C 


MAB84x1 
MAF84X1 
MAF84AX1 
FAMILY 


Single-chip 8-bit microcontroller 


A.C. CHARACTERISTICS (all versions except bond-out) 
Vcc =5 Vt 10%; Vgsg = 0 V. 


parameter 


Frequency MAB/MAF84X1 
MAF84AX1 

Cycle time MAB/MAF84X1 
MAF84AX1 


A.C. CHARACTERISTICS (bond-out versions) 
Vcc =5 V t 10%; Vss = 0 V. 


fe, = 6 MHz 

Control! pulse duration PSEN (9CP) 
Address to PSEN L set-up (1CP) 
Data to PSEN H set-up (1CP + 120 ns) 
Data hold time 

Address to data-in (10CP—tps) 
Time from PSEN L to C1 (3CP) 
Time from INTA L to PSEN (3CP) 
Time from INTA H to PSEN (6CP) 
HALT set-up to PSEN (15CP) 
HALT hold time from PSEN (3CP) 


Note: CP = clock pulse. 


T1 ZERO-CROSS CHARACTERISTICS 
Tamb = 0 to + 70 °C; Vee = 5 V t 10%; Veg = OV; C, = 80 pF 


Zero-cross detection 
input (T1) peak-to-peak a.c. coupled, C = 1,0 uF 


Zero-cross accuracy 50 Hz sine wave 


Zero-cross detection 
input frequency (T1) 
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2 
i 
< 
@ 
| 
ox 
© 
= 
wxaoh 
Ke) 
se] 
Oo 


ViH min 2,0V 
VoH min 2,4V 


Vo , max 0,4V 


>| <1 CP 
$3 


TIME 


SLOT TS7 TS8 TSY9 TS10 TS1/TS2 TS3 TS4 TS5 TS6 TS7 TS8 TSY9/|TS10| TS1|TS2 TS3 TS4 TS5 


TS1 TS2 TS3 TS4 TS5 TS6 TS7 TS8 'TS9|TS10 


CYCLE) CYCLE 1 CYCLE 2 CYCLE 1 


as eS OE ED 


tas > 


Man LLLAL LRA LL LRA WXEL LLL OLLI LL 


—> <«—tpR 


<-taD >! tos + 


7Z285645.1 


Fig. 14 Memory access timing MAB8401 B/WP and I/O voltage parameters. 
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eSl 


TIME 
SLOT 


PSEN 


A12—A0 


Vou min2,4V 


Voi max 0,4V 
Vip max 08V 
CYCLE 2 (run) ——— |= CYCLE. 1 (halt) iis iar CYCLE 1 (halt) ———————————» |-_—- CYCLE 1 (run) 


TS6 TS7 TS8 TSY9|TS10 TSIATS2 TS3/TS4 TSS TS6 TS7 TS8 TS9|TS10 TS1ATS2 TS3 TS4 TS5 TS6 TS7 TS8 TS9 TS10 TSIATS2 TS3 TS4 TS5 


NOP —» IR 


next instruction 


SD Ol) Os | a 


ee 


Fig. 15 INTA and HALT timing MAB8401 and 1/O voltage parameters. 
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MAB8422/42 
MAF8422/42 
MAF84A22/A42 


DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 


The MAB8422/8442 is a high- -performance microcontroller incorporating dedicated hardware, memory 
| capacity and.1/O lines. This dedication: means a microcontroller can be economically installed in 
high-volume products where its main.function is control. 


The MAB8422/8442 is a 20 pin, single-chip 8-bit microcontroller that has been developed from the 
- 28 pin MAB8421/8441 microcontrollers. The versions are: 


@ MAB8422 - 2K x 8 ROM/64 bytes RAM 
@® MAB8442 - 4K x 8 ROM/128 bytes RAM 


Each version has 15 1/O port lines comprising one 8-bit parallel port (PO), one 2-bit parallel port (P10 
and P11 that are shared with the serial 1/O lines SDA and SCL), one 3-bit parallel port (P20 - P22) and 
two input lines (INT/TO and T1). 


The serial |/O interface is 1?C compatible and therefore the MAB8422/8442 can snarate as a slave or 

a master in single and multi-master systems. Conversion from parallel to serial data when transmitting, 
and vice versa when receiving, is done mainly in software. There is a minimum of hardware for the 
serial |1/O implemented. This hardware is controlled by the status of the SDA and SCL lines and can 

be read or written under software control. Standard software for |?C-bus control is available upon 
request. For detailed information see the user manual ‘Single-chip 8-bit microcontrollers’. | 


Features 


@ 8-bit: CPU, ROM, RAM and 1/0 
® 20 pin package : 
@ MAB8422: 2K x 8 ROM/64 Bees RAM 
@ MAB8442: 4K x 8 ROM/128 bytes RAM 
® 13 quasi-bidirectional I/O port lines 
@ Two testable inputs T1 and INT/TO 
@ High current output on PO (Io, = 10 mA at ee =1V) 
@ One interrupt line combined with the testable input line INT/TO 
® Single-level interrupts: external, timer/event counter, serial |/O 
@ |*?C-compatible serial 1/O that can be used in single or multi-master systems (serial 1/O data and clock 
via P10 and P11 port lines, respectively) 
8-bit programmable timer/event counter . 
Internal oscillator, generated with inductor, crystal, ceramic resonator or external source 
Over 80 instructions (based on MAB8048) 
All instructions 1 or 2 cycles, ‘cycle time dependent on oscillator frequency 
Single power supply 
Operating temperature ranges: Oto+709C (MAB84X2) 

, —40 to +85 °C (MAF84X2) 

—40 to +110 °C (MAF84AX2) 


PACKAGE OUTLINES 
MAB/MAF84X2, MAF84AX2: 20-lead DIL; plastic (SOT-146) 
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MAB8422/42 
MAF8422/42 
MAF84A22/A42 


P10/SDA 


P11/SCL P20—P22 


SERIAL 


INPUT/ | PORT 1 PORT 2 
OUTPUT BUFFER BUFFER 


INTERFACE 


INTERNAL 
CLOCK 


FREQ. 
P10—P11 


SiO 
interrupt 


ACCUMULATOR TEMP. REG. 1 } TEMP. REG. 2 
(8) (8) (8) 


ARITHMETIC 
LOGIC UNIT 


external 
interrupt 


Voc 

a 
POWER | 
SUPPLY Ss 

i 
CONTROL & TIMING 


INT/TO RESET XTAL 1 XTAL 2 


INTERRUPT 


INITIALIZE 


OSCILLATOR 
XTAL 


TEST 1 


DECIMAL 
| ADJUST 


RESIDENT ROM 


8422 : 2 K BYTES 
8442: 4K BYTES 


DECODE 
apace 
MEMORY 


BANK 
FLIPFLOPS 


TIMER/ 
EVENT 
COUNTER 
(8) 


HIGHER 
PROGRAM 
COUNTER 
(5) 


a 


RAM | 
ADDRESS 
REGISTER 


LOWER 
PROGRAM 
COUNTER 
(8) 


timer 
interrupt 


INSTRUCTION 
REGISTER 
& 
DECODER 


TEST 0 


TEST 1 


TIMER 
FLAG 


CARRY 


ACC 


ACC BIT 
TEST 


CONDITIONAL 
BRANCH 
LOGIC 


7280477.1 


Fig. 1 Block diagram of the MAB8422/8442. 


sapocneppaamrnnatna Ris 


AS PLA RRI 
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mooomo 


P07—P00 


PORT 0 

BUFFER | . 
PORT 0 | 
LATCH 


PROGRAM 
STATUS 
WORD 


_ | MULTIPLEXER | 


REGISTER 0 
REGISTER 1 
REGISTER 2 
REGISTER 3 
REGISTER 4 
REGISTER 5. 
REGISTER 6 
REGISTER 7 


8 LEVEL STACK 
(VARIABLE LENGTH) 


OPTIONAL SECOND 
REGISTER BANK 


DATA STORE 


RESIDENT RAM ARRAY . 


8422: 64BYTES 
8442 : 128BYTES 


DEVELOPMENT DATA 


Single-chip 8-bit microcontroller 


PINNING 
Designation 
POQO-P07 
INT/TO 


Vss 
T1 


XTAL1 


XTAL2 
RESET 


P20-P22 
P11/SCL 


P10/SDA 


VCC 


Pin number 
1-8 
9 


10 
11 


12 


Vec 


P10/SDA 


P11/SCL 


MAB8422 


MAB8442 


7295136 


Fig. 2 Pinning diagram. 


Function 
8-bit quasi-bidirectional 1/O port (Port O high current output). 


External interrupt input (sensitive to a negative going edge) 
and/or input, testable using the JTO or JNTO instructions. 


Ground. 
Input pin, testable using the JT1 or JNT1 instructions. It can be 


designated as event counter input using the STRT CNT instruction. 


It can also be used to detect zero cross-over of slowly moving a.c. 
inputs. 


Connection to timing component that determines the frequency of 
the internal oscillator. It is also the input for an external clock 
source. : 


Connection to the other side of the timing component. 
Input to initialize the processor (active HIGH). 
Quasi-bidirectional port. 


Quasi-bidirectional port in parallel port mode. 
Serial clock in serial |/O mode. 


Quasi-bidirectional port in parallel port mode. 
Serial data |/O in serial 1/O mode. 


Power supply. 
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MAB8422/42 
MAr8422/42 
MAF84A22/42 


FUNCTIONAL DESCRIPTION 
Program and data memory 


The non-volatile program memory (ROM), as shown in Fig. 3, is arranged in two banks of 2K bytes, 
that are selected by SEL MB instructions, and each bank is further divided into 256-byte pages. 
Only the unconditional jump instructions (JMP and CALL) can be used to cross page boundaries. 
Memory bank boundaries can also be crossed using these instructions provided that the appropriate 
memory bank has been selected. 


So ee SS 
i 1 
i | 
| | SEL MB3 
| | 
| 1 | 
O14 4 oe Eg | _ for future 
6143) { ROM expansion 
| | 
: SEL MB2 
{ 


4096 
) Tt 
MAB8442 4095 


MAB8422 


location 7 : timer/counter interrupt vector 
location 5: serial |/O interrupt vector 


location 3: external interrupt vector 


OrernNWhb On © 


location 0: reset vector 7295140 
Fig. 3 Program memory map. 


In the volatile data memory (RAM), all locations are indirectly addressable using RAM pointer registers 
and up to 16 designated locations can be addressed directly. The memory also includes an 8-level 
program counter stack addressed by a 3-bit stack pointer and two register banks, each with 8 registers. 
The data memory is shown in Fig. 4. 
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MAB&442 Tl a a! 


64 USER 
MAB8422 63 RAM 
addressed 
indirectly 
through pointers 
RO, Ri, RO’, R1’ 


— 


WORKING directly 

REGISTERS addressable 
when bank 1 
is selected 


8 LEVEL 
STACK 
or : 
USER RAM 
16x8 
WORKING directly 
REGISTERS addressable 
when bank 0 
is selected 


7295139 


DEVELOPMENT DATA 


Fig. 4 Data memory map. 


Instruction set 


The instruction set consists of over 80 one and two byte instructions. It is identical to the MAB84X1 
instruction set except that the instructions MOV Sn, A, MOV A, Sn and MOV Sn, #data are not used. 
Program code efficiency is high because all RAM locations on a 256 byte page require only a single 
byte address. 


On-chip peripheral functions 


In addition to the CPU and memories, an interrupt system, I/O facilities, and an 8-bit timer/event 
counter are integrated on-chip to assist the CPU in repetitious, complicated or time-critical tasks. 
The I/O facilities include the I/O pins, parallel ports and a serial |/O port sharing the two pins of 

the parallel port P1. 
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FUNCTIONAL DESCRIPTION (continued) 


\/O facilities (see Fig. 5) 

The MAB8422/8442 has 13 1/O lines and 2 testable inputs arranged as: 

@ An 8 line parallel port POO-PO7, high current outputs with three optional output configurations: 
- A push-pull output with pull-up (Fig. 5 (a)) 
- Open drain with pull-up (Fig. 5 (b)) 
- Open drain without pull-up (Fig. 5 (c)) 


® A 2 line parallel/serial port P10/SDA and P11/SCL, open-drain without pull-up, as output configura- 
tion. Schmitt-trigger input. After RESET, P10/SDA and P11/SCL will be in the parallel port mode. 
To stay in this mode the internal port latches, P14 and P13, must be kept in the logic ‘1’ state. 
Inputs P12-P17 are not valid in the parallel port mode. After a RESET, the microcontroller remains 
in the parallel port mode until the serial |/O mode is enabled. 

@ A 3 line parallel port P20-P22 with the same output configurations as POO-PO7 but without high- 
-current output; 

@ An external interrupt and test input INT/TO, which when used as a test input can be tested by the 
conditional jump instructions JTO and JNTO; 

e A test input T1, tested by the conditional jump instructions JT1 and JNT1. T1 can also be used as 
an input to the timer/event counter or to detect zero cross-over of slowly moving a.c. signals. 


internal 


bus bus 


1/O port line 
1/O port line 


INPUT 
BUFFER 


(a) (b) 


internal 
bus 


1/O port line 


write 
pulse 


INPUT 
BUFFER 


72845343 
(c) 


Fig. 5 Port option configurations. 
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Test input T1 
The T1 input line can be used as: 


® atest input for branch instructions, 
® an input for zero voltage cross-over detection, 
® an external input to the event counter. 


An internal pull-up transistor is provided as a ROM mask option. This is useful when the input is from 
a switch or standard TTL output. 


When T1 Is used as a test input, the Jf 1 or JNT17 instructions test for a HIGH or a LOW respectively. 


Zero cross-over detection 


When used for zero-cross detection purposes, the T1 input must be coupled through a capacitor of 
typical value 1 uF and operation carried out using the T1 input without the pull-up transistor. The 
maximum input voltage amplitude is 3 V (peak-to-peak), with a maximum operational frequency of 
1 kHz. The T1 input has an on-chip d.c. offset circuit which self-biases the input near to its exact 
switching level of 1 V. As a consequence a small change will cause a digital transition to occur. 

The switching level of the T1 input circuit is within the bias voltage of +135 mV. Upon each positive 
cycle on the pin, the event counter is incremented and an overflow will set the timer flag TF. Zero 
cross-over detection used in conjunction with the timer/event counter interrupt, is useful in thyristor 
control of power equipment. Figure 6 illustrates, (a) the input waveform, (b) the input diagram and 


< (c) the on-chip self-stabilized bias. 

<6 

2 

om Vv 

a 

Lu . ao 

| 

O. 

O zero ~ cross 

aa 

~ . 
rf d.c. component ee 3 V max input A1;71 
Q (p- p) 


a.c. source 


MAB84X2 


MAB84X2 momen PP 
7297597 


(a) 


(b) 
V 
bias voltage Vp 
| 1 
TI 
1 pF | 
a.c. source —— {>o—Do— T1/event counter O 


7297599 t 


(c) 


Vp | | 


7297598 


Fig. 6 Zero-cross voltage detection circuitry. 


November 1986 161 


MAB8422/42 
MAF8422/42 
MAF84A22/42 


FUNCTIONAL DESCRIPTION (continued) 


Timer/event counter 


An 8-bit binary up-counter is provided. This can count external events, modulo-32 machine cycles, or 
machine cycles directly. When used as a timer, the input to the counter is either the overflow or input 
of a 5-bit prescaler. When used as an event counter, LOW to HIGH transitions on T1 (pin 13) are 
counted. The maximum rate at which the counter may be incremented is once every machine cycle 
(200 kHz for a 5 us machine cycle). Fig. 7 illustrates the timer/event counter. 


PRESCALER 
+32 


cleared on 
start timer 


PS = 1 


XTAL +30 


(internal clock 
frequency ) 


jump if 
timer flag 
load or read =} 


EDGE 
DETECTOR 


TIMER/ 
EVENT 
COUNTER 


A= START TIMER cleared 
B = START COUNTER on reset 
C = STOP TIMER/COUNTER 7289148 


Fig. 7 Timer/event counter. 


Interrupt system 


External events and real-time on-chip peripherals require servicing by the CPU asynchronous to the 
execution of any particular section of code. To tie the asynchronous activities of these functions to 
normal program execution a multiple-source, single-level nested interrupt system is provided. 


The MAB8422/8442 handles interrupts from three sources as follows: 


@ INT/TO; externally via pin 9 
@ SIOINT; from the internal serial |/O port 
® TCNT interrupt; from the internal timer/event counter. 


Each interrupt vectors to a separate location in the program memory for its service program. Each 
source can be individually enabled or disabled. When more than one interrupt occurs simultaneously, 
their priority will be: (1) external, (2) serial |/O and, (3) timer/event counter. An additional external 
interrupt can be created using the timer/event counter interrupt. 
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OSCILLATOR CIRCUITRY (see Fig. 8) 


The clock frequency is determined by using the internal oscillator or by connecting an external clock 
to XTAL1. Where the internai oscillator is used the frequency is set by a crystal, a ceramic resonator 

or an inductor (each with associated capacitors) between XTAL1 and XTAL2. A machine cycle con- 

sists of 10 states, each state being 3 oscillator periods. The MAB8422/8442 has a dynamic logic, and 

therefore, for adequate refreshing the oscillator frequency must be at least 1 MHz. 


XTAL 1 XTAL 2 


Crystal - AT-cut 

2. Ceramic resonator 
C1 =C2= 27 pF 
Cz is optional 


Cy <6,75 pF (parasitic capacitance) 


C2 
i 7Z80902 


Fig. 8(a) Quartz crystal or ceramic resonator mode. 


If the frequency has to be trimmed, then a trimmer capacitor C; should be connected in parallel with the 
fixed capacitor C7. 


Table 1 shows the LC values for timing generation with the LC oscillator. 


Table 1 LC oscillator timing 


freq uency 


1 XTAL1 
3,0 MHz 
40 MHz 
| XTAL2 4,4 MHz 
5,0 MHz 
7284843.2 6 0 MHz 


Fig. 8(b) LC pi-network. 


VEC 
: Drive XTAL1 
ij Leave XTAL2 open 
= Driver may be high-speed CMOS or any TTL 
3 XTAL1 tr, t¢< 10 ns 
7287978 


Fig. 9 External drive. 
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RESET 
A positive-going signal on the RESET input: 


— sets the program counter to zero, 
— selects location O of memory bank O, and register bank 0, 
— sets the stack pointer to zero (000); pointing to RAM address 8, 
— disables the interrupts (external), timer and serial 1/O), 
— stops the timer/event counter, then sets it to zero, 
— sets the timer prescaler to modulo-32, 
— resets the timer flag, 
— sets all ports to logic ‘1’ (input mode), 
— sets ports P10/SDA and P11/SCL to the parallel part mode and disables the serial 1/0. 


Automatic reset at power-up may be obtained by connecting the RESET pin to Vcc through a 1 uF 
capacitor C1, together with adiode to Vss (cathode to RESET pin). This arrangement is satisfactory, 
if both the voltage (Vcc) rise time and the oscillator start-up time do not exceed either 1 or 10 ms 
respectively. 


The power-on reset circuit is shown in Fig..11; the input characteristics are shown in Fig. 12. At 
power-on the current drawn by RESET commences to charge the capacitor C1. The difference 
between this increasing capacitor voltage and Vcc is known as Vpes_eT. The charging circuit is 
designed to hold VpeseET above the lower threshold of a schmitt trigger arrangement, long enough 
to effect a complete reset. The minimum time required is the oscillator start-up time, plus two 
machine cycles. 


MAB8422 
MAB8442 


TTL gate 


internal 
pull-down 


7295134 


Fig. 10 Externai reset. 


60 _ Eas 
a 
tan tH 
supply voltage 
internal “j it 
pull — down av, 
device 
1 
7Z95135.2 0 : 2 3 as | 
Vr (V) 
Fig. 11 Power-on reset circuitry. Fig. 12 Power-on reset input characteristics. 
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INSTRUCTION SET 


The instruction set consists of over 80 one and two byte instructions and is based on the MAB8048 
instruction set. New instructions include those for serial |/O operation and memory bank selection. 
Program code efficiency is high because all ROM locations on a 256 byte page require only a single 
byte address. 


Table 2 gives the instruction set of the MAB84X2 family and Table 3 shows the instruction map. 
The following symbols and abbreviations are used. 


symbol description 
A the accumulator 
AC the auxiliary carry flag 
addr program memory address (11-bits) 
Bb bit designation (b = O—7) 
BS the bank switch 
C carry flag 
CLK clock signal 
CNT event counter 
D nibble designation (4-bits) 
DBF program memory bank flip-flop 
< data number of expression (8-bits) 
-; FO, F1 flags O and 1 
QO | interrupt 
5 INT external interrupt 
= P ‘in-page’ operation designation 
oa Pp port designation (p = 1, 2 or 4—7) 
ro) 
— PSW program status word 
S Rr register designation (r = 0, 1 or O—7) 
QQ SP | stack pointer 
T timer 
TF timer flag 
TO, T1 test 0 an 1 inputs | 
# immediate data prefix | 
@ | indirect address prefix 
S current value of program counter 
= is replaced by 
> 


is exchanged with 
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5 $$ 
Table 2 Instruction set | nm no 
2 ! Ss | ae = =o 00 0 © 
< | 
g | | (hex.) cycles | | e <a 
> Wes | NO > > 
= | ADD A, Rr 6* 1/1. | Add register contents to A (A)<(A) + (Rr) r=0—7 1 rs ne > 
© | ADD A, @Rr 60 | 1/1 Add RAM data, addressed by Rr, to A (A)<(A) + eee 1 N 
| 61 | (A)<(A) + ((R1)) 
| | ADD A, #data 03 data | 2/2 | Add immediate data to A (A)<(A) + data 1 
ADDC A, Rr hs | 1/1 Add carry and register contents to A (A)<(A) + (Rr) + (C) r=0-7 | 1 
| ADDC A, @Rr 70 | | 1/1 Add carry and RAM data, addressed | (A)<(A) + ((RO)) + (C) 1 
; | 71 | | by Rr, to A (A)<{A) + ((R1}) + (C) 
| | ADDC A, #data | 13 data | 2/2 Add carry and immediate data to A | (A)<(A) + data + (C) 1 
|; | ANLA, Rr 5* 1/1 ‘AND’ Rr with A | (A)<(A) AND (Rr) r=0—7 
ao | ANLA, @Rr 50 | 1/1 ‘AND’ RAM data, addressed by Rr, with A_ | (A)<(A) AND ((RQ)) 
© 51 (A)<—(A) AND ({R1)) 
oe ANL A, #data 53 data 2/2 ‘AND’ immediate data with A (A)<(A) AND data 
= | ORLA, Rr 4* 1/1 |‘OR’ Rr with A (A)<(A) OR (Rr) r=0-7 
a ORL A, @Rr | 40 1/1 | ‘OR’ RAM data, addressed by Rr, with A (A)<(A) OR ({RO)) 
2 | 41 | (als(a A) OR ((R1)) 
| ORLA, #data |43data (| 2/2 ‘OR’ immediate data with A | (A)<(A) OR data 
| XRL A, Rr D* | 1/1 | ‘XOR' Rr with A | (A)<(A) XOR (Rr) r= 0-7 
XRL A, @Rr |DO | 1/1 i‘XOR’ RAM, addressed by Rr, with A tA (A)<(A) XOR ((RO})) 
| | D1 | ha )<{(A) XOR (({R1)) 
| | XRL A, #data D3 data ‘XOR’ immediate data with A | (A)<(A) XOR data 
| INCA 17 increment A by 1 | (A)<(A) + 1 
| DEC A 07 decrement A by 1 | (A)<(A) —1 
| (A 


CLRA 27 clear A to zero )<-O 
CPLA 37 one’s complement A (A)<NOT(A) 
RLA E7 rotate A left (An + 1)<(An) n=0-6 


(Ag)<(A7) 


= 
eo) 
< 
© 
= 
Oo 
© 
xs 
— 
© 
oO 
Oo 


LOL 


| ACCUMULATOR (cont.) = 


DATA MOVES 


mnemonic opcode 
(hex.) 
RLCA F7 
RRA 77 
RRCA 67 
DAA | 57 
SWAP A 47 
MOV A, Rr Ee 
MOV A, @Rr FO 
F1 
MOV A, #data 23 data 
MOV Rr, A A* 
MOV @Rr, A AQ 
Al 
MOV Rr,#data | B* data 
MOV @Rr, #data | BO data 
. B1 data 
XCH A, Rr 2" 
XCH A, @Rr 20 
21 
XCHD A, @Rr 30 
31 
MOV A, PSW C7 
MOV PSW, A D7 
MOVP A, @A A3 


bytes/ 
cycles 


1/1 


1/1 


1/1 


1 
1/1 


1/1 
1/1 


2/2 
1/1 
1/1 


2/2 
2/2 


1/1 
1/1 


1/1 


1/1 
1/1 
1/2 
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description 

rotate A left through carry 
rotate A right 

rotate A right through carry 


decimal adjust A 


swap nibbles of A 


move register contents to A 
move RAM data, addressed by Rr, to A 


move immediate data to A 
move accumulator contents to register 


move accumulator contents to RAM 
location addressed by Rr 


| move immediate data to Rr 


move immediate data to RAM location 
addressed by Rr 


exchange accumulator contents with Rr 


exchange accumulator contents with 
RAM data addressed by Rr 


exchange lower nibbles of A and RAM 
data addressed by Rr 


move PSW contents to accumulator 
move accumulator bit 3 to PSW3 


move indirectly addressed data in 
current page to A 


function 


(An + 1)-An 
(Ag)<(C), (C)<—(A7) 
(An)<—(Ay + 1) 
(A7)<(Ag) 


(An) (An + 1) 
(A7)<(C), (C)<(Ag) 


(Ag_7)<(Ag_3) 
(A)<(Rr) 


(A)<((RO)) 
(A)<((R1)) 


(A)<data 
(Rr)<(A) 


((RO))<(A) 
((R1))<(A) 


(Rr)<-data 
((RO})<-data 
((R1))<-data 
| (A}<(Rr) 


(A)<((RO)) 
(A)<>((R1)) 


(Ag_3)<((ROg_3)) 
(Ap_3)<((Rig_3)) 
(A)<(PSW) 

| (PSW3)< (Aa) 


(PCo_7)<(A), (A)<((PC)) 


n 
> 
— 
- 
7) 
= 
xo) 
oe 
=F 
ot 
3. 
oO 
= 
.°) 
© 
2) 
= 
=) 
= 
o 
oO 
= 


cv/ccVVSAVWN 
ovV/ccvssVWN 
cd/ccveaVWN 


SOL 


= 
o 
< 
om 
3 
oO 
@ 
“ 
ao) 
co 
me?) 
Oo 


Table 2 Instruction set (continued) 


FLAGS 


REGISTER 


BRANCH 


INC Rr 
INC @Rr 


DEC Rr 
DEC @Rr 


JMP addr 


JMPP @A 


DJNZ Rr, addr 


DJNZ @Rr, addr 


JBb addr 


JC addr 
JNC addr 
JZ addr 
JNZ addr 


‘| JTO addr 


JNTO addr 
JT1 addr 
JNT1 addr 
JTF addr 
JNTF addr 


@ 4 address 


B3 
E* address 


EO address 


E1 address 


4 2 address 
F6 address 
E6 address 
C6 address 
96 address 
36 address 
26 address 
56 address 
46 address 
16 address 
O6 address 


clear carry bit 
complement carry bit 


| increment register by 1 


increment RAM data, addressed by Rr, by 1 


decrement register by 1_ 
decrement RAM data, addressed by Rr, by 1 


unconditional jump within a 2 K bank 


indirect jump within a page 


decrement Rr by 1 and jump if not 
zero to addr 


decrement RAM data, addressed by Rr 
by 1 and jump if not zero to addr ~ 


jump to addr if Acc. bit b = 1 
jump to addr if C = 1 

jump to addr if C=0 

jump to addr if A=0 

jump to addr if A is NOT zero 
jump to addr if TO = 1 

jump to addr if TO=0 

jump to addr if T1 =1 

jump to addr if T1 =0 


jump to addr if Timer Flag = 1 
jump to addr if Timer Flag = 0 


(Rr)<(Rr) —1 


< 

> 

“Tl 

| < 

(C)<O 2 3 
(C)<—NOT(C) 2 NO 
NO 

~ 

‘| (Rr)<(Rr) + 1 ¢ 


((RO))<((RO)) + 1 
((R1))<-((R1)) + 1 


(Rr)<(Rr) —1 


((RO))<-((RO)) — 1 
((R1))<((R1)) —1 


r= 0-7 


(PCg_49)<addrg_19 

(PCo_7)<addro_7 

(PC14_42)<MBFF 0-1 

(PCo_7)<((A)) 

r=0-7 
if (Rr) not zero (PCo_7)<addr 


((RO))<-((RO)) —1 
if ((RO)) not zero (PCo_7)+addr 


((R1))<—((R1)) —1 
if ((R1)) not zero (PCo_7)<addr 


ifb=1 : (PCo_7)<addr 
if C=1 : (PCg_7)<addr 
ifC =O : (PCo_7)<addr 
if A=0 : (PCo_7)<addr 
if A#O : (PCo_7)<addr 
if TO = 1: (PCo_7)<addr 
if TO = 0: (PCo_7)<-addr 
if T1 = 1: (PCg_7)<addr 
if T1 =O: (PCo_7)<addr 
if TF = 1: (PCo_7)<addr 
if TF =O: (PCo_7)addr 


b = 0—7 


- @b/ezvBsvw 
@b/eevsavn 


DEVELOPMENT DATA 


mnemonic opcode bytes/ | description function notes 
(hex.) cycles 


MOV A, T move timer/event counter contents to (A)<(T) 
accumulator 


MOV T,A move accumulator contents to (T)<(A) 
timer/event counter | 


STRT CNT start event counter 
STRT T start timer 
STOP TCNT stop timer/event counter 


cM 
=| 
2 
? 
} 
2. 
Tc 
S 
c. 
o> 
3 
° 
= 
te) 
° 
oO 
] 
o> 
= 
o 
o 
= 


EN TCNTI enable timer/event counter interrupt 


TIMER/EVENT COUNTER 


DIS TCNTI disable timer/event counter interrupt 


enable external interrupt 

disable external interrupt 

select register bank 0 | (RBS)<-0O 

select register bank 1 | (RBS)<1 

select program memory bank 0 (MBFFO)<0, (MBFF1)<0 
select program memory bank 1 (MBFFO)<1, (MBFF1)<0O 
select program memory bank 2 (MBFFQ)<0, (MBFF1)<1 
select program memory bank 3 (MBFFO)<1, (MBFF1)<1 


CONTROL 


CALL addr 4 4 address jump to subroutine ((SP))<(PC), (PSW4 6 7) 
(SP)<(SP) +1 
(PCg__49)<addrg_19 
(PCo_7)<addro_7 
(PC 4_12)<MBFF 0-1 


SUBROUTINE 


2 return from subroutine (SP) <(SP) —1 

< (PC)<((SP)) <<z=z 

S return from interrupt and restore (SP)<(SP) —1 = > > 

= bits 4, 6, 7 of PSW (PSW4 6, 7) + (PC)<((SP)) 00 og w 

co Pane) NO 
NO Po nN 
PONN 
sea 

g po 


OZL 


= 
tS) 
< 
@m 
=| 
oy 
© 
Sa 
—, 
co 
00 
ro 


Table 2 Instruction set (continued) 


IN A, Pp 08 1/2 input port p data to accumulator 

fis 09 | 

~ 0A 

= OUTL Pp,A | 38 1/2 | output accumulator data to port p ( ( 

O 39 ( ( 

= 3A ( 

S ANL Pp, #data | 98 data | 2/2 AND port p data with immediate data (PO)<(PO) AND data 

7 | 99 data | (P1)<(P1) AND data 

aa 9A data | (P2)<-(P2) AND data 

= ORL Pp, #data 88 data | 2/2 | OR port p data with immediate data (PO)<(PO) OR data 

x 89 data | | (P1)<(P1) OR data 

Qo. 8A data | (P2)<(P2) OR data 
OUTL PO,A 90 | 72 | Output accumulator data to port @ (PO)<(A) 

| 

ee 

oO 

- 

5 

= | ENSI 85 1/1 enable serial |/O interrupt 

= DIS SI 95 1/1 disable serial |/O interrupt 

= 

_ 

< 

=z | 

7 | 

n L 

Le NOP 00 1/1 no operation 


Notes to Table 2. 


1. PSW CY, AC affected 

2. PSW CY affected 

3. PSW PS affected 

4. Execution of JTF and JNTF instructions resets the Timer Flag (TF). 
5. PSW RBS affected 

6. PSW SPo, SP1, SP2 affected 

7. (A) = 1111 P23, P22, P21, P20. 

8. Only for software-transfer from the MAB8021. 


< 
> 
“Tl 
Oo 
BAN 
> 
NO 
No 
= 
aA 
ND 


obv/ccvsAaVW 
cb/ccvedvWN 


9861 Jequianony 


LZL 
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TABLE 3 MAB8422/8442 INSTRUCTION MAP 


second hexadecimal character of opcode 


JMP I 
page 0} 


ce ne ne ee ne ne ee ee er ee ne ee ee ee ee ee ee ee a a a a a ne ee re ee | 


| 


i 


i 


j 0 | 4 ! 2 j 3 
Qo | NOP 1 I 1 ADD 

! | | lAr:%&datal 
4 $1 INC @aRr l JBQ 3 ADbDC 

i} 0 1 1 | addr lA:#data! 
2 } XCH A+aRr { 1 MOV 

] 0 ! 1 | lAs#data! 
3 1 XCHD Asa@Rr | JB1 1] 

! 0 | 4 | addr } 
4 | ORL AsaRr 1 MOV | ORL 

! 0 1 4 | AsT tAs#datal 
5 | ANL A:@aRr ! JB2 | ANL 

j 0 1 4 1 addr |lA;#daia! 
& | AGB As@Rr f MOV |i 

1 0 | 4 1 TsA } 
7 | ADGSC A;saRr ! JBI 1 

{ 0 | 4 H addar | 
B 1 i i { RET 

] | i H 
9 1 OUTL I i JB4 1 RETR 

1 pa,A i! i addr i 
A i MOV @RrsA | | MOVP 

l Q i 4 | | Asa@A 
8B 1 MOV AaRrstdata | JIBS +! JMPP 

| 0 j 4 i addr | aa 
€ i DEC a@Rr j | 

! Q { 4 t 1 
Do! XRL A;:@Rr 1 JBé& 1 XREL 

| 9 | 1 { addr jiA,#daial 
— |! DJNZ @ARrsaddr i | 

! 0 ! 1 | | 
- | MOY A;saRr 1 JB? i 

{ 0 i i i addr | 


! 
| 


8 { 9 
IN AsPp 

0 | 4 
INC Rr 

0 1 vl 
XCH AsRr 

0 1 4 
OUTL Ppsd 

8] | 4 
ORL AsRr 

3; i 3 
ANL AsRr 

0 | 4 
ADD AsRr 

0 I 4 
ADOC AsRr 

0 | 4 


C I 4 


0 | 1 
MOV RrsA 
0 ! 4 


MOV Rr:#data 


o ot 4 
DEC Rr 

o t 4 
XRL A:Rr 

ie ae 


DJNZ Rrs addr 
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ABSOLUTE MAXIMUM RATINGS | 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Input voltage on any pin 


with respect to ground (Vss) | V\ —0,5to+7 V 
Total power dissipation Prot 1 W 
Input/output current for all pins except port 0 l,!o max. 10 mA 
Input/output current for port 0 | l1,!o max. 20 mA 
Storage temperature Tstg —65 to +150 OC 
Operating temperature standard Tamb 0 to +70 9C 

extended Tamb —40 to +85 oC 
automotive Tamb —40 to +110 OC 


D.C. CHARACTERISTICS 
Voc = 5 V (+ 10%); Vgg = OV 


parameter symbol | min. |max. | unit | conditions 


Supply current 
MAB8422/42 
MAF 8422/42 
MAF 84A22/42 


Inputs 


| Input voltage LOW (except 
P10/SDA and P11/SCL) 
Input voltage LOW 
(P10/SDA and P11/SCL) 
Input voltage HIGH all inputs 
except XTAL 1, P10/SDA 
and P11/SCL 


| Input voltage HIGH to XTAL 1, 
P10/SDA and P11/SCL 


Outputs 


Output voltage LOW (PO only) lor = 10mA 
Output voltage LOW (P10/SDA 

and P11/SCL) 7 lol =5mA 
Output voltage LOW (PO and P2) lo. = 1,6 mA 
Output voltage HIGH (all 

outputs unless open-drain) | 3 | loH = —50 uA 
Output leakage current | Vec>Vi>Vss 
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A.C. CHARACTERISTICS 


parameter symbol 
Frequency 
MAB/MAF8422/42 IX TAL 
MAF84A22/42 YX TAL 
Cycle time 
MAB/MAF 8422/42 tcy 
MAF 84A22/42 tcy 


T1 ZERO-CROSS CHARACTERISTICS 
Tamb = 0 to + 70 °C; Veg = 5 V + 10%; Veg = 0 V; Cy = 80 pF 


parameter in. unit | conditions 


Zero-cross detection | 
input (T1) peak-to-peak a.c. coupled, C = 1 uF 


Zero-cross accuracy mV | 50 Hz sine wave 


Zero-cross detection 
input frequency (T 1) 


DEVELOPMENT DATA 


Purchase of Philips’ 17C components conveys a license under the Philips’ 1?C 
patent to use the components in the 1? C-system provided the system conforms 
to the |?C specification defined by Philips. 
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SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 


The PCB80C51 family of single-chip 8-bit microcontrollers is manufactured in an advanced CMOS 
process. The family consists of the following members: 


@ PCB80C31BH: ROM-less version of the PCB80C51BH 
@ PCB80C51BH: 4 K bytes mask-programmable ROM, 128 bytes RAM 


In the following, the generic term ’PCB80C51BH” is used to refer to both family members. 


The device provides hardware features, architectural enhancements and new instructions to function 
as a controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K 
bytes of data storage. 


The PCB80C51BH contains a non-volatile 4 K x 8 read-only program memory (not ROM-less version); 
a volatile 128 x 8 read/write data memory; 32 |/O lines; two 16-bit timer/event counters; a five-source, 
two-priority-level, nested interrupt structure; a serial |/O port for either multi-processor communica- 
tions, |/O expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems 
that require extra capability, the PCB80C51BH can be expanded using standard TTL compatible 
memories and logic. 


The PCB80C31BH/80C51BH has two software selectable modes of reduced activity for further power 
reduction — Idle and Power Down. 

The Idle modes freezes the CPU while allowing the RAM, timers, serial port and interrupt system to 
continue functioning. 

The Power Down mode saves the RAM contents but freezes the oscillator causing all other chip 
functions to be inoperative. 


The device also functions as an arithmetic processor having facilities for both binary and BCD 

arithmetic plus bit-handling capabilities. The instruction set consists of 255 instructions; 44% one-byte, 
41% two-byte and 15% three-byte. With a 12 MHz crystal for example, 58% of the instructions are 
executed in 1 ws and 40% in 2 us. Multiply and divide instructions require 4 us. Multiply, divide, subtract 
and compare are among the many instructions added to the standard PCB80C48 instruction set. 
Software development to be announced: PCB85C51 in piggy-back. 


Features 
@ 4K x 8 ROM (80C51BH only), 128 x 8 RAM @ 58% of instructions executed in 1 us; 
@ Four 8-bit ports, 32 |/O lines multiply and divide in 4 ws; all others 
@ Two 16-bit timer/event counters executed in 2 us (at 12 MHz clock) 
@ Full-duplex serial port @ Enhanced architecture with: 
@ External memory expandable to 128 K, external non-page-oriented-instructions 
ROM up to 64 K and/or external RAM up to 64 K direct addressing 
© Boolean processing four 8-byte + 1-byte register banks 
@ 218 bit-addressable locations stack depth up to 128-bytes 
@ On-chip oscillator multiply, divide, subtract and compare 
@ Five-source interrupt structure with two priority instructions. 
levels @ Available as 


PCB80C31/51BH with 1,2 to 16 MHz 
PCF80C31/51BH with 1,2 to 12 MHz 


PACKAGE OUTLINES 


PCB/PCF80C31/51BHP: 40-lead DIL; plastic (SOT-129). 
PCB/PCF80C31/51BHWP: 44-lead PLCC; plastic, leaded-chip-carrier (SOT-187A). 
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(1) PCB80C51BH only. 


Fig. 1 Block diagram. 


frequency range ICC max at 5,5 V 
PCB80C51BH 6 = P 
PCB80C31BH 0— 70°C 1,2 — 16 MHz 23 mA 
PCF80C51BH _ O _ 

PCF80C31BH | 40—+85°C | 1,2 — 12 MHz 


* Preliminary value. 
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Fig. 3a Pinning diagram for PCB80C31BH/51BHP. Fig. 3b Pinning diagram for PCB80C31BH/51BHWP. 


PINNING (PCB80C31BH/51BHP) 


1—8 P1.0—P1.7 Port 1: 8-bit quasi-bidirectional I/O port. 
Port 1 can sink/source one TTL (= 4 LS TTL) input. It can drive CMOS 
inputs without external pull-ups. 


9 RST RESET: a high level on this pin for two machine cycles while the 
oscillator is running resets the device. An internal pull-down permits 
Power-On reset using only a capacitor connected to the Vcc. 


10—17 P3.0—P3.7 Port 3: 8-bit quasi-bidirectional |/O port with internal pull-ups. It also 
serves the following alternative functions: 


Port pin Alternative function 


P3.0 RXD/data: serial port receiver data input (asynchronous) or 
data input/output (synchronous) 


P3.1 TXD/clock: serial port transmitter data output (asynchronous) 
or clock output (synchronous) 


P3.2 INTO: external interrupt 0 or gate control input for 
_ timer/event counter O 


P3.3 INT 1: external interrupt 1 or gate control input for 
timer/event counter 1 
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P3.4 TO : external input for timer/event counter 0 
P3.5 T1 : external input for timer/event counter 1 
P3.6 WR: external data memory write strobe 

P3.7 RD : external data memory read strobe 


Operation of an alternative function is determined by the relevant output 
latch programmed to logic 1. Port 3 can sink/source one TTL input. It can 
drive CMOS inputs without external pull-ups. 


18 XTAL 2 Crystal input 2: output of the inverting amplifier. that forms the oscillator. 
Left open-circuit when an external oscillator is used (see figures 8 and 9). 


19 XTAL 1 Crystal input 1: input to the inverting amplifier that forms the oscillator, 
and input to the internal clock generator. Receives the external oscillator 
signal when an external oscillator is used (see figures 8 and 9). 


20 Vss Ground: circuit ground potential. 


21—28 P2,.0—P2.7 Port 2: 8-bit quasi-bidirectional |/O port with internal pull-ups. 
Port 2 can sink/source one TTL input. It can drive CMOS inputs without 
external pull-ups. During the access to external memories (RAM/ROM) that 
uses 16-bit addresses (MOVX @DPTR) Port 2 emits the high-order address 
byte. When used for an external RAM with an 8-bit address (MOV X @Ri) 
Port 2 emits the contents of the P2 Special Function Register. 


29 PSEN Program Store Enable output: read strobe to the external Program Memory. 
It is activated twice each machine cycle during fetches from external 
Program Memory. When executing out of external Program Memory two 
activations of PSEN are skipped during each access to external Data 
Memory. PSEN is not activated (remains HIGH) during fetches from 
internal Program Memory. PSEN can sink/source 8 LS TTL inputs. It can 
drive CMOS inputs without an external pull-up. 


30 ALE Address Latch Enable output: latches the low byte of the address during 
accesses to external memory in normal operation. It is activated every six 
oscillator periods except during an external data memory access. ALE can 
sink/source 8 LS TTL inputs. It can drive CMOS inputs without an 
external pull-up. 


31 EA External Access input: When EA is held at a TTL high level the CPU 
executes out of the internal Program Memory (ROM), provided the Program 
Counter is less than 4096. When EA is held at a TTL low level, the CPU 
executes out of external Program Memory. EA is not allowed to float. 


32—39 PO.7—P0.0 Port 0: 8-bit open drain bidirectional 1/O port. It is also the multiplexed 
low-order address and data bus during accesses to external memory (during 
these accesses it activates internal pull-ups). Port O can sink/source eight 
TTL inputs. 


DEVELOPMENT DATA 


40 Vcc Power supply: + 5 V power supply pin during normal operation, Idle mode 
and Power Down mode. 
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FUNCTIONAL DESCRIPTION 


Genera! 


The PCB80C51BH is a stand-alone high-performance microcontroller designed for use in real-time 
applications such as instrumentation, industrial control and intelligent computer peripherals. 


The device provides hardware features, architectural enhancements and new instructions to function 
as a controller for applications requiring up to of K bytes of program memory and/or up to 64 K 
bytes of data storage. 7 


The PCB80C31BH is a control-oriented CPU without on- Te program memory. It can address 64 K 

bytes of external program memory in addition to 64 K bytes of external data memory. The PCB80C51BH 
is a PCB80C31BH with the lower 4 K bytes of program memory filled with on-chip mask programmable 
ROM. For systems requiring extra capability, the PCB80C51BH can be expanded using standard 
memories and peripherals. 


The two pin-compatible versions of this component reduce development problems to a minimum and 
provide maximum flexibility. The PCB80C51BH is for low-cost, high volume production and the 
PCB80C31BH for applications requiring the flexibility of external program memory which can be 
easily modified and updated in the field. 


The PCB80C51BH contains a non-volatile 4 K x 8 read-only program memory; a volatile 128 x 8 
read/write data memory; 32 I/O lines; two 16-bit timer/event counters; a five-source, two-priority-level, 
nested interrupt structure; a serial !/O port for either multi-processor communications, |/O expansion, 
or full duplex UART; and on-chip oscillator and timing circuits. 


Central processing unit 


The central processing unit (CPU) manipulates operands in four memory spaces. These are the 64 K- 
byte external data memory, 384-byte internal data memory, the 64 K-byte internal and external 
program memory and 16-bit program counter spaces. The internal data memory address space is 
sub-divided into the 256-byte internal data RAM and 128-byte special function register (SFR) address 
spaces, as shown in Fig. 4. 


64K 64K 


EXTERNAL 


overlapped space 


255 [en 1 255 [SPECIAL 


4095 
i | FUNCTION 
INTERNAL i | 198 REGISTERS | 


| cele | 128 [INTERNAL ? 
A 
| 0 0 TEEN | 0 


ed ay DP ere Seer ere, emer Nr ennn ed 


program ¢ counter preoraln memory | internal external 
data ‘memory ~ data memory 


~ 7287534 | 


Fig. 4 Memory map. 
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The internal data RAM contains four register banks (each with eight registers), 128 addressable bits, 
and the stack. The stack depth is limited by the available internal data RAM and its location is deter- 
mined by the 8-bit stack pointer. All registers except the program counter and the four 8-register banks 
reside in the special function register address space. These memory mapped registers include arithme- 
tic registers, pointers, 1/O ports, interrupt system registers, timers and serial port. There are 128 
addressable bite locations in the SFR address space. 


The PCB80C51BH contains 128 bytes of internal data RAM and 20 special function registers. It 
provides a non-paged program memory address space to accommodate relocatable code. Conditional! 
branches are performed relative to the program counter. The register-indirect jump permits branching 
relative to a 16-bit base register with an offset provided by an 8-bit index register. 16-bit jumps and 
calls permit branching to any location in the contiguous 64 K program memory address space. 


The PCB80C51BH has five methods for addressing source operands: 


Register. 

Direct. 

Register-Indirect. 

Immediate. 

Base-Register-plus Index-Register-Indirect. 


The first three methods can be used for addressing destination operands. Most instructions have a 
‘‘destination/source” field that specifies the data type, addressing methods and operands involved. For 
operations other than moves, the destination operand is also a source operand. 


Access addressing is as follows: 


® Registers in the four 8-register banks through Register, Direct, or Register-indirect. 
@ 128 bytes of internal data RAM through Direct or Register-Indirect. 

® Special function registers through Direct. 

® External data memory through Register-Indirect. 

@® Program memory look-up tables through Base-Register-plus Index-Register-!ndirect. 


The PCB80C51BH is classified as an 8-bit device since the internal ROM, RAM, Special Function 
Registers (SFR), Arithmetic Logic Unit (ALU), and external data bus are each 8-bits wide. It performs 
operations on bit, nibble, byte and double-byte data types. 


Facilities are available for byte transfer, logic, and integer arithmetic operations, Data transfer, logic, 
and conditional branch operations can be performed directly on Boolean variables to provide excellent 
bit handling. 


I/O facilities 


The PCB80C51BH has 32 |/O lines treated as 32 individual addressable bits and as four parallel 8-bit 
addressable ports. Ports 0, 1, 2 and 3 perform the following alternate functions: 


@ Port 0; provides the multiplexed low-order address and data bus used for expanding the PCB80C51BH 
with standard memories and peripherals. 

® Port 2; provides the high-order address bus when expanding the PCB80C51BH with external program 
memory or more than 256 bytes of external data memory. 

® Port 3; pins can be configured individually to provide: 


external interrupt requests inputs 

counter inputs 

serial port receiver input and transmitter output 

control signals to READ and WRITE to external data memory 


The generation or use of a Port 3 pin as an alternate function is carried out automatically by the 
PCB80C51BH provided the pin is loaded with a HIGH content. 
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Fig. 5 1/0 buffers in the PCB80C51BH (Ports 1, 2 and 3). 


Timer/event counters 


The PCB80C51BH contains two 16-bit registers, Timer 0 and Timer 1, that can be used as timers or event 
counters to carry out the following functions: 


@ Measure time intervals and pulse durations. 
® Count events. 
® Generate interrupt requests. 


Each timer/event counter can be programmed independently to operate in three modes: 


@ Mode 0; 8-bit timer or 8-bit counter each with divide by 32 prescaler. 
@ Mode 1; 16-bit time-interval or event counter. 
@ Mode 2; 8-bit time-interval or event counter with automatic reload upon overflow. 


Counter 0 can be programmed to operate in an additional mode as follows: 
@ Mode 3; one 8-bit time-interval or event counter and one 8-bit time-interval counter. 


When counter 0 is in Mode 3, counter 1 can be programmed to operate in Modes 0, 1 or 2 but cannot 
set an interrupt request flag or generate an interrupt. However the overflow from counter 1 can be used 
to pulse the serial Port transmission-rate generator. 


The frequency handling range of these counters with a 12 MHz crystal for example is as follows: 


@® Up to 1 MHz when programmed for an input that is a division by 12 of the oscillator frequency. 
@ 0 Hz to an upper limit of 150 kHz to 0,5 MHz when programmed for external inputs. 


Both internal and external inputs can be gated to the counter by a second external source for directly 
measuring pulse durations. 


The counters are started and stopped under software control. Each one sets its interrupt request flag 
when it overflows from all 1’s to all O’s (or automatic reload value). | 


On-chip peripheral functions 


In addition to the CPU and memories, an interrupt system, extensive I/O facilities, and several 
peripheral functions are integrated on-chip to relieve the CPU of repetitious, complicated or time-criti- 
cal tasks and to permit stringent real-time control of external system interfaces. The !/O facilities 
include the |/O pins, parallel ports, bidirectional address/data bus and the serial port for 1/O expansion. 
The CPU peripheral functions integrated on-chip are the two 16-bit timer/event counters and the serial 
port. | 
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Idle and Power-down operation (see Fig. 6) 


The Power-down operation freezed the oscillator. The Idle mode operation allows the interrupt, serial 
port and timer blocks to continue to function while the clock to the CPU ts halted. 
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Es ~~| GENERATOR | 
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Fig. 6 Internal Idle and Power-down clock configuration. 


Power contro! register (PCON) 


These special modes are activated by software via the Special Function Register PCON. Its hardware 
address is 87H. PCON is not bit addressable. 


DEVELOPMENT DATA 


MS 


B LSB 
woo [-[-[-[[eo]m]o_ 


PCON.7 Double Baud rate bit 


when set to logic 1 the baud rate is doubled when the serial port is | 
being used in either modes 1, 2 or 3 
PCON.6 (reserved) 
PCON.5 (reserved) 
PCON.4 (reserved) 
PCON.3 general-purpose flag bit 
PCON.2 general-purpose flag bit 
PCON.1 Power-down bit 
setting this bit activates power-down operation 
PCON.O Idle mode bit 
setting this bit activates the idle mode operation 


If logic1s are written to PD and IDL at the same time, PD takes precedence. The reset value of PCON 
is (OXXX0000). 
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[dle mode 


The instruction that sets PCON.O is the last instruction executed in the normal operating mode before 
Idle mode is activated. Once in the Idle mode, the CPU status is preserved in its entirety: the Stack 
Pointer, Program Counter, Program Status Word, Accumulator, RAM and all other registers maintain 
their data during Idle mode. The status of the external pins during Idle mode is shown in Table 1. 


There are two ways to terminate the Idle mode:— 


Activation of any enabled interrupt will cause PCON.O to be cleared by hardware terminating Idle 
mode. The interrupt is serviced, and following return from interrupt instruction RETI, the next 
instruction to be executed will be the one which follows the instruction that wrote a logic 1 to PCON.O. 
The flag bits GFO and GF1 may be used to determine whether the interrupt was received during 

normal execution or during the Idle mode. For example, the instruction that writes the PCON.O can 
also set or clear one or both flag bits. When Idle mode is terminated by an interrupt, the service 
routine can examine the status of the flags bits. 


The second way of terminating the Idle mode is with a hardware reset. Since the oscillator is still 
running, the hardware reset is required to be active for two machine cycles (24 oscillator periods) to 
complete the reset operation. 


Power-down mode 


The instruction that sets PCON.1 is the last executed prior to going into the Power-down mode. Once 
in Power-down mode, the oscillator is stopped. Only the contents of the on-chip RAM are preserved. 

_ The Special Function Registers are not saved. A hardware reset is the only way of exiting the Power- 
down mode. | 


In the Power-down mode, Vcc may be reduced to minimize circuit power consumption. The voltage 
must not be reduced until the Power-down mode is entered, but must be restored before the hardware 
reset is applied which will free the oscillator. Reset should not be released until the oscillator has 
restarted and stabilized. 

The status of the external pins during Power-down mode is shown in Table 1. If the Power-down mode 
is activated while in external program memory, the port data that is held in the Special Function 
Register P2 is restored to Port 2. If the data is a logic 1, the port pin is held HIGH during the Power- 
down mode by the strong pull-up transistor p1(see Fig. 5). 


Table 1 Status of the external pins during Idle and Power-down modes. 


Idle _ internal port data | port data port data | port data 
Idle external floating port data address port data 
Power-down internal port data | port data port data | port data 
Power-down external floating port data port data | port data 
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Fig. 7 Interrupt system. 
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Interrupt system (see Fig. 7) | 

External events and the real-time-driven on-chip peripherals require service by the CPU asynchronous 
to the execution of any particular section of code. To tie the asynchronous activities of these functions 
to normal program execution a multiple-source, two-priority-level, nested interrupt system is provided. 
Interrupt response latency is from 3 us to 7 ws when using a 12 MHz crystal. 


The PCB80C51BH acknowledges interrupt requests from five sources as follows: 
® INTO and INT1; externally via pins 12 and 13 respectively. 


@ Timer O and Timer 1; from the two internal counters. 
@ Serial Port; from the internal serial |/O port. 


Each interrupt vectors to a separate location in program memory for its service program. 


Each source can be individually enabled or disabled and can be programmed to a high or low priority 
level. Also all enabled sources can be globally disabled or enabled. Both external interrupts can be 
programmed to be level-activated or transition-activated and is active LOW to allow “wire-ORing” of 
several interrupt sources to the input pin. 


Oscillator circuitry 

The oscillator circuitry of the PCB80C51BH is a single-stage inverting amplifier in a Pierce oscillator 
configuration. The circuitry between XTAL 1 and XTAL 2 is basically an inverter biased to the 
transfer point. Either a crystal or ceramic resonator can be used as the feedback element to complete 
the oscillator circuitry. Both are operated in parallel resonance. XTAL 1 (pin 19) is the high gain 
amplifier input, and XTAL 2 (pin 18) is the output (see Fig. 8). 


To drive the PCB80C51BH externally, XTAL 1 is driven from an external source and XTAL 2 left 
open-circuit (see Fig. 9). 


external clock 19 
XTAL 1 
(not TTL compatible) 


XTAL 2 not connected 18 XTAL 2 
C1=C2=t.bf. voenaio 7Z97078 
Fig. 8 PCB80C51BH oscillator circuit. Fig. 9 Driving the PCB80C51BH from 


an external source. 


Reset circuitry 

The reset circuitry for the PCB80C51BH is connected to the reset pin, RST, as shown in Fig. 10. A Schmitt 
trigger is used at the input for noise rejection. The output of the Schmitt trigger is sampled by the 

reset circuitry every machine cycle. 


SCHMITT 
TRIGGER 


RESET 
CIRCUITRY 


7280801 


Fig. 10 Reset configuration at RST. 


A reset is accomplished by holding the RST pin HIGH for at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The CPU responds by executing an internal reset. It also 
configures the ALE and PSEN pins as inputs. (They are quasi-bidirectional.) 
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The internal reset is executed during the second cycle in which RST is HIGH and is repeated every 
cycle until RST goes LOW. It leaves the internal registers as follows: 


Register Content 
PC OOOH 
ACC OOH 
B OOH 
PSW OOH 
SP 07H 
DPTR OO00H 
PO - P3 OFFH 
IP (XX000000) 
IE (OX000000) 
TMOD OOH 
TCON OOH 
THO OOH 
TLO OOH 
TH1 OOH 
TL1 OOH 
SCON OOH 
SBUF intermediate 
PCON (OXXX0000) 


The internal RAM is not affected by reset. When Vcc is turned on, the RAM content is indeterminate. 


Power-on reset (see Fig. 11) 


When Vcc is turned on, and provided its rise-time does not exceed 10 ms, an automatic reset can be 
obtained by connecting the RST pin to Vcc via a 10 uF capacitor. When the power is switched on, 
the current drawn by RST is the difference between Vcc and the capacitor voltage, and decreases 
from Vcc as the capacitor charges through the internal resistor (RRsT) to ground. The larger the 
capacitor, the more slowly VpsT decreases. VRST must remain above the lower threshold of the 
Schmitt trigger long enough to effect a complete reset. The time required is the oscillator start-up 
time, plus 2 machine cycles. 
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7297079 
Fig. 11 Power-on reset. 


To ensure a correct start-up at power-on, the voltage Vcc and RST must come up at the same time. 
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INSTRUCTION SET 


The PCB80C51BH uses a powerful instruction set to allow expansion of on-chip CPU peripherals and to 


optimize byte efficiency and execution speed. Reassigned opcodes add new high-power operations 
and permit new addressing modes to make old operations more orthogonal when compared to the 


8048 family. 


The instruction set consists of 49 single-byte, 45 two-byte and 17 three-byte instructions. When using 
a 16 MHz oscillator, 64 instructions execute in 750 ns and 45 instructions execute in 15 HS. Multiply and 


divide instructions execute in 3 us. 


Table 2 Instruction set description. 


mnemonic 


Arithmetic operation 


ADD 
ADD 
ADD 
ADD 
ADDC 
ADDC 
ADDC 
ADDC 
SUBB 
SUBB 
SUBB 
SUBB 
INC 
INC 
INC 
INC 
DEC 
DEC 
DEC 
DEC 
INC 
MUL 
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A,Rr 


A,direct — 


A,@Ri 
A,#data 
A,Rr 
A,direct 
A,@Ri 
A,#data 
A,Rr 
A,direct 
A,@Ri 
A,#data 
A 

Rr 
direct 
@Ri 

A 

Rr 
direct 
@Ri 
DPTR 
AB 


description 


Add register to A 

Add direct byte to A 

Add indirect RAM to A 

Add immediate data to A 

Add register to A with carry flag 

Add direct byte to A with carry flag 

Add indirect RAM to A with carry flag 
Add immediate data to A with carry flag 
Subtract register from A with borrow 
Subtract direct byte from A with borrow 
Subtract indirect RAM from A with borrow 


Subtract immediate data from A with borrow 


Increment A 

Increment register 
Increment direct byte 
Increment indirect RAM 
Decrement A 
Decrement register 


Decrement direct byte 


Decrement indirect RAM 
Increment data pointer 
Multiply A&B 

Divide A by B 

Decimal adjust A 


Se OO a > Mo EE © CE © Se °° ee es 


= Dm PNY) - | =| — | =| | =| S| - S| SS BRB BS KS S| S| SS AS = 


| bytes/ | opcode 
cycles (hex.) 


9% 
25 
26, 27 
24 
3* 
35 
36, 37 
34 
gx 
95 
96, 97 
94 
04 
o* 
05 
06, 07 
14 
1* 
15 
16, 17 
A3 
A4 
84 
D4 


DEVELOPMENT DATA 
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mnemonic 


Logic operations 


ANL 
ANL 
ANL 
ANL 
ANL 
ANL 
ORL 
GRL 
ORL 
ORL 
ORL 
ORL 
XRL 
XRL 
XRL 
XRL 
XRL 
XRL 
CLR 
CPL 
RL 
RLC 
RR 
RRC 
SWAP 


A,Rr 
A,direct 
A,QRi 
A,#data 
direct,A 
direct,#data 
A,Rr 
A,direct 
A,Q@Ri 
A,#data 
direct,A 
direct,#data 
A,Rr 
A,direct 
A,@Ri 
A,#data 
direct, A 
direct,#data 


A 
A 
A 
A 
A 
A 
A 


AND register to A 

AND direct byte to A 

AND indirect RAM to A 

AND immediate data to A 

AND A to direct byte 

AND immediate data to direct byte 
OR register to A 

OR direct byte to A 

OR indirect RAM to A 

OR immediate data to A 

OR A to direct byte 

OR immediate data to direct byte 


Exclusive-OR register to A 
Exclusive-OR direct byte to A 
Exclusive-OR indirect RAM to A 
Exclusive-OR immediate data to A 


Exclusive-OR to direct byte 

Exclusive-OR immediate data to direct byte 
Clear A 

Complement A 

Rotate A left 

Rotate A left through the carry flag 

Rotate A right 

Rotate A right through the carry flag 


Swap nibbles within A 


= S| RS RK UN DI lN OD RB We DON DY RH DYN KH WNHN ABH NY 
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| OO ee ee) 


November 1986 


PCB80C51BH 


189 


PCB80C31BH 
PCB80C51BH 


190 


INSTRUCTION SET (continued) 


mnemonic 


description 


MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOVC 


MOVC . 


MOVX 
MOVX 
MOVX 
MOVX 
PUSH 

| POP 
XCH 


Data transfer 


A,Rr 
A,direct ** 
A,@Ri 
A,#data 
Rr,A 

Rr, direct 
Rr,#data 
direct,A 
direct,Rr 
direct,direct 
direct,@Ri 
direct,#data 
@Ri,A 
@Ri,direct 
@Ri,#data 


DPTR,#data16 


A,@A+DPTR 
A,@A+PC 
A,@Ri 
A,@DPTR 
@Ri,A | 
@DPTR,A 
direct 

direct 

A,Rr 
A,direct 
A,QRi 


Move register to A 

Move direct byte to A 

Move indirect RAM to A 

Move immediate data to A 

Move A to register 

Move direct byte to register 

Move immediate data to register 

Move A to direct byte 

Move register to direct byte 

Move direct byte to direct 

Move indirect RAM to direct byte 

Move immediate data to direct byte 
Move A to indirect RAM 

Move direct byte to indirect RAM 

Move immediate data to indirect RAM 
Load data pointer with a 16-bit constant 
Move code byte relative to DPTR toA 
Move code. byte relative to PC to A 
Move external RAM (8-bit address) to A 
Move external RAM (16-bit address) to A 
Move A to external RAM (8-bit address) 
Move A to external RAM (16-bit address) 
Push direct byte onto stack | 

Pop direct byte from stack 

Exchange register with A 

Exchange direct byte with A 

Exchange indirect RAM with A 


** MOV A, ACC is not a valid instruction. 
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Exchange LOW-order digit indirect RAM with Aj 


b 


ytes/ | 


cycles 


1 
2 
1 
2 
1 
2 
2 
2 
2 
3 
2 
3 
1 
2 
2 
3 
1 
1 
1 
1 
1 
1 
2 
2 
1 
2 
1 
1 


“|= = @=@ 2 NNNNNNN NH NH KN KFNNHNNN B= KN | SF S| SF A 


opcode 
(hex.) | 


E* 
E5 
E6, E7 
74 
e* 
A* 
7% 
F5 
g* 
85 
86, 87 
75 
F6, F7 
A6, A7 
76, 77 
90 
93 
83 
E2, E3 
EO 
F2, F3 
FO 
CO 
DO 


c* 
C5 

C6, C7 
D6, D7 
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mnemonic description bytes/ | opcode 
cycles (hex.) 


Boolean variable manipulation 


Single-chip 8-bit microcontroller 


CLR Clear carry flag 1 1 C3 
CLR Clear direct bit 2 1 C2 
SETB Set carry flag 1 4 D3 
SETB Set direct bit 2 1 D2 
CPL Complement carry flag 1 1 B3 
CPL Complement direct bit 2 1 B2 
ANL C,bit AND direct bit to carry flag 2. <2 82 
ANL C,/bit AND complement of direct bit to carry flag 2 2 BO 
ORL C,bit OR direct bit to carry flag 2 2 72 
ORL C,/bit OR complement of direct bit to carry flag 2 2 AO 
MOV C,bit Move direct bit to carry flag 2 1 A2 
a MOV bit,C Move carry flag to direct bit 2 2 92 
I 
_ Program and machine control 
= ACALL ~ addr11 Absolute subroutine call 2 2 @jaddr 
s LCALL —addr16 Long subroutine call 3 2 | 12 
6 RET Return from subroutine 1 2 22 
S RETI Return from interrupt 1 2 32 
ray AJMP __addr11 Absolute jump 2 2 | Aladdr 
LJMP addr16 Long jump 3 2 02 
SJMP rel Short jump (relative address) 2 2 80 
JMP @A+DPTR Jump indirect relative to the DPTR 1 2 73 
JZ rel Jump if A is zero 2 2 60 
JNZ rel Jump if A is not zero 2 2 70 
JC rel Jump if carry flag is set 2 2 40 
JNC rel Jump if no carry flag 2 2 50 
JB bit,rel Jump if direct bit is set oe 2 20 
JNB bit,rel Jump if direct bit is not set 3 2 30 
JBC bit,rel Jump if direct bit is set and clear bit 3 2 10 
CJNE A,direct, rel Compare direct to A and jump if not equal 3 2 B5 
CJNE A,#data, rel Compare immediate to A and jump ifnotequal |3 2 B4 
CJNE Rr,#data,rel Compare immed. to reg. and jump if not equal |3 2 B* 
CJNE @Ri,#data,rel | Compare immed. to ind. and jump if not equal |3 2 B6, B7 
DJNZ Rr,rel Decrement register and jump if not zero 2-2 D* 
DJNZ direct,rel Decrement direct and jump if not zero 3 2 D5 
NOP No operation 1 1 00 
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Notes to Table 2 
Data addressing modes 


Rr 
direct 
@Ri 
#data 
#data16 
bit 
addri6 


addr11 


rel 


Working register RO-R7. 

128 internal RAM locations and any special function register (SFR). 

Indirect internal RAM location addressed by register RO or R1 of the actual register bank. 
8-bit constant included in instruction. 

16-bit constant included as bytes 2 and 3 of instruction. 

direct addressed bit in internal RAM or SFR. 

16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere 
within the 64 K-byte program memory address space. 

11-bit destination address. Used by ACALL and AJMP. The branch will be within the 
same 2 K-byte page of program memory as the first byte of the following instruction. 


Signed (two’s complement) 8-bit offset byte. Used by SJMP and all conditional jumps. 
Range is --128 to + 127 bytes relative to first byte of the following instruction. 


Hexadecimal opcode cross-reference to Table 3 
*: 8,9,A,B,C,D,E, F. 

®: 11,31, 51, 71, 91, B1, D1, F1. 

4: 01, 21, 41, 61, 81, Al, C1, E1. 


a7 MESS APTOS NIORTAI SEL ITE ATOR STINE ETE AIT ED AEE SLO 
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Tabie 3 Instruction map DEVELOPMENT DATA 
— hexadecimal chacter of opcode . second hexadecimal character of opcode 


x ees 2 il 6 st 7 [8] ja [Bi 
AJMP LJMP RRA INCA INC @Ri INC Rr 
| addr11 addr16 0 1 011 1/2 13 5 7 
| JBC ACALL LCALL | RRCA DECA DEC DEC @Ri DEC Rr 
| bit, rel addr11 addr16 dir 0 1 O71. ‘2. 13 5 7 
| 2 JB AJMP RET RLA | ADD ADD ADD A,@Ri | ADD A,Rr 
| bit,rel — addr11 A,#data A,dir 0 1 0|1 a 5 7 
ADDC ADDC A,@Ri ADDC A,Rr 
| A,dir 0 1 0} 1 2 3 5 7 
_ JC AJMP | ORL | ORL ORL ORL ORL A,@Ri ORLA,Rr 
! | rel addr11 dir,A dir,#data A,#data A,dir 0 1 O11 |2 |3 5 7 
| ; 5 JNC ACALL | ANL ANL ANL ANL ANL A,@Ri ANLA,Rr 
| rel addr11 dir,A dir,#data A,#data A,dir 0 0O|1 2. ites 5 7 
. JZ AJMP XRL XRL XRL ; 
| rel addr11 dir,A dir,#data A,#data 1 
7 | JNZ ACALL | ORL JMP 
| rel addr11 C,bit @A+DPTR d 
: SJMP AJMP ANL MOVC DIV: MOV MOV dir,@Ri 
| rel addr11 C,bit A,@A+PC AB dir,dir 0 1 
| MOV DPTR, MOV MOVC SUBB SUBB SUBB A,@Ri 
| #data addr11_ | bit,C | A@A+DPTR | A,#data | A,dir 0 1 3 5 7 
A} ORL AJMP MOV INC | MUL MOV @Ridir 
C,/bit addr11 C,bit DPTR AB 0 1 
ANL ACALL | CPL | CPLC CJNEA, | CJNE | CJNE @Ri,#data,rel | CJNE Rr,#data,rel 
C,/bit addr11 bit #data,rel | A,dir,rel | O 1 0/1 21/3/4 | 5 7 
AJMP | CLR | CLRC SWAP XCH XCH A,@Ri XCH A,Rr 
addr11 bit A A,dir 0 1 0/1 2 3 14 5 7 
ACALL | SETB XCHD A,@Ri DJNZ Rr,rel 
addr11 bit 0 1 0/1 2 13 5 7 
MOV X AJMP MOVX A,@Ri CLRA MOV « | MOV A,@Ri MOV A,Rr 
A,@DPTR addr11 A,dir 0 1 0; 1 2. WS 5 7 
F | MOVX ACALL | MOVX @Ri,A CPLA MOV MOV @Ri,A MOV Rr,A : 
| @DPTR,A | addr 11 0 1 dir,A 0 1 0; 1 2 13 5 7 


” 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Input voltage on any pin 


with respect to ground (Vss) Vi —0,5 to +6,5 V 
Input, output current +1], 19 max. 5 mA 
Total power dissipation Ptot max. 1 W 
Storage temperature range Tstg —65 to+ 150 OC 
Operating ambient temperature range Tamb Oto+70 OC 


D.C. CHARACTERISTICS 
Voc = 5 V (410%); Vsgs = 0 V; Tamb = —40 to + 85 °C, 0 to + 70 °C; all voltages with respect to Vgc 
unless otherwise specified 


symbol min. unit |conditions 


mA ifcL_K = 12 MHz PCF80C51BH 
mA |fco_K = 16 MHz PCB80C51BH 


mA |feLK = 12 MHz 
KA |Vcc = 2 V (note 3) 


parameter 


Supply voltage 


Supply current 
Operating (note 1) 


idle mode (note 2) 
Power-down current. 


Inputs 


LOW level input voltage 
(except EA) 

LOW level input voltage 
(EA) 

HIGH level input voltage 
(except XTAL 1, RST 


HIGH level input voltage 
(XTAL 1, RST) 


Input current logic 0 
(Ports 1, 2 and 3) 


Input current logic 1 
to O transition 
(Ports 1, 2 and 3) 


Input leakage current 
(Port 0, EA) 


—0,5 |0,2Vcc—0,1 


—0,5 |0,2Vcec—0,3 . 


0,2Vcct0,9 


0,7Vcc 


uA |0,45V<Vi<Vec 


“ Preliminary value. Table showing Icc¢ as function of frequency will be available at a later date. 
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Single-chip 8-bit microcontroller 


Outputs 
LOW level output voltage (note 4) 


ae Renee eee oe oes 
Xx. | i conditions | 
(Ports 1, 2 and 3) | 0,45 | V lol = 1,6 mA | 
LOW level output voltage (note 4) | | | 
(Port, ALE, PSEN) | 045 | Vv lol =3,2mA | 
HIGH level output voltage | | 
(Ports 1, 2 and 3) | ~ | Vv —lOH = 60 HA; | 
| | Vcc =5V + 10% | 
| - | V —-IOH = 25uA 
| ~ |V | =IOH= 104A 
HiGH level output voltage (note 5) | | 
(PortOinexternal 
Bus mode, ALE, PSEN) | VOHI | 2,4 ~ V —1OH = 400 vA; | 
| | Vec=5Vt10% | 
| 0.75Vec | — |v —loy = 150 pA 
| 09Vcc ) - V —-lOH = 40pA 
RST pull-down resistor RRst | 50 | 150 | kX | 
1/O pin capacitance Cio | : 10 | pF ft test freq. = 1 Mkz; 


Notes to the d.c. characteristics 


1. The operating supply current is measured with all output pins discorinected; 
XTAL 1 driven with ty = tg = 10 ns, Vip = Vgs + 05 V, Vin = Veco —0,5 V; 
XTAL. 2 not connected; EA = RST = Port O= Vcc. 


2. The idle mode supply current is measured with all output pins disconnected; 
XTAL 1 driven with t, = tp = 10 ns, Vip = Vgg + 0.5 V, Ving = Voc —0,9 V; 
XTAL 2 not connected; EA = Port 0 = Vcc; RST = Vgs. 


3. The power-down current is measured with all output pins disconnected; 


XTAL 2 not connected; EA = Port 0 = Voc; RST = Vs. 


4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the 
LOW level output voitage of ALE, Port 1 and Port 3. The noise is due to external Bus capacitance 
discharging into the Port 0 and Port 2 pins when these pins make a 1-to-0 transition we Bus 
operations. In the most adverse condition (capacitive loading > 100 pF) the noise pulse on ALE line 
may exceed 0,8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or use an 
address latch with a Schmitt trigger STROBE input. 


DEVELOPMENT DATA 


5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voitage on ALE and 


PSEN to momentarily fall below the 0,9Vcc specification when the address bits are stabilizing. 
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A.C. CHARACTERISTICS 


Vcc =5 V + 10%; Vss = 0 V; Tamb = 0 to + 70 OC; Cy = 100 pF (Port 0, ALE and PSEN); C,. = 80 pF 
(all other outputs); unless otherwise specified (see waveforms Figs 14, 15 and 16) 


saranietee Seen Ae MHz variable clock wait 
[eax [min [max [iin [mai] 


Program memory 


ALE pulse duration 85 _ 127 — 2tcK—40 - ns 
Address set-up _ | 

time to ALE 23 — 43 — tcK—40 — ns 
Address hold time 

after ALE 28 — 48 —~ tcK—35 -~ ns 
Time from ALE to valid | 

instruction input — 150 —~ 233 — | 4tcK—100) ns 
Time from ALE to 

control pulse PSEN 38 _ 58 — tcK—25 — ns 
Control pulse 

duration PSEN 153 — 215 vo 3tcK—35 _ ns 
Time from PSEN to valid 

instruction input — 63 ~ 125 — | 3tcK—125| ns 
Input instruction hold 

time after PSEN 0 _ 0 — 0 — ns 
Input instruction float 

delay after PSEN* _ 43 — 63 — tcK—20 | ns 
Address to valid 

instruction input si 198 = 302 — | 5teK—115} ns 
Address float time 

to PSEN 0 _ 0 — 0 — ns 


* Interfacing the PCB80C51BH to devices with float times up to 75 ns is permitted. This limited bus 
contention will not cause damage to port O drivers. 
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Single-chip 8-bit microcontroller 


parainete: eomibel 16 MHz 12 MHz variable clock ae 


External data memory 


RD pulse duration trRR 275 | — 6tcK—100 — |ns 
WR pulse duration tww |275 | —- 6tcK—100 — Ins 
Address hold time 
after ALE tLA 28 | — tcK—35 — |ns 
RD to valid data input trp _ 148 5tcK—165| ns 
Data hold time after RD | tor Oo | —- — |ns 
Data float delay 
after RD tpoFR | - 55 2tcK—70} ns 
Time from ALE to 
valid data input tLp — 350 8tcK—150) ns 
Address to valid 
data input tAD — 398 9tcK—165! ns 
Time from ALE to 
a RD or WR tLw 138 | 238 3tcK—50 3tcK+50/ ns 
Ec Time from address to 
= RD or WR taAw 120 | — 4tcK—130 — {ns 
rd Time from RD or WR | 
S HIGH to ALE HIGH | twHLH/ 23 | 103 tcK—40 tcK+40| ns 
o Data valid to WR 
al ae 
“ transition tpwx 3 /- tcK—60 — jns 
ra Data set-up time 
before WR tow 288 — 7tcK—150 | — {ns 
Data hold time after WR | twp 13 — tcK—50 — j|ns 
Address float delay 
after RD taFR | -— 0 O| ns 
Where: 


1/tcK = 1,2 to 16 MHz (see Fig. 13 and Table 4). 


November 1986 197 


PCB80C31BH 
PCB80C51BH 


Oia ieee ea aerial heels a A alot dh acane ek Semumahad eae Rea aah momeanihantadheadanenmraniith nicdicemmnid emia aniamniae 


A.C. CHARACTERISTICS (continued) 


2,0V 2,0V 
2,4V 
0,45V 
test points 
(a) 
= —_——--—— — float Sy 
2,0V es 2,4V 
0,8V 0,45V 
7287542 
(b) 


A.C. testing inputs are driven at 2,4 V for a logic 1 and 0,45 V for a logic 0. 

Timing measurements are taken at 2,0 V for a logic 1 and 0,8 V for logic 0. 

The float state is defined as the point at which a Port 0 pin sinks 3,2 mA or sources 400 pA at the 
voltage test levels. | 


Fig. 12 A.C. testing input, output waveform (a) and float waveform (b). 


<t—— THIGH —— 


eet Pe es! 87 ad8 


Fig. 13 External clock drive XTAL 1 (see Table 4). 


Table 4 External clock drive XTAL 1 (see Fig. 13) 


i variable clock 

| __(f= 1,2 to 16 MHz)* 
parameter. symbol min. max. unit 

oscillator clock period | tex | 63 |. 833,31 ns 

HIGH time tHIGH 20 tcK-tLow | ns 
LOW time tLow 20 tCK-tHIGH | ns 
rise time ty _ 20 | ns 
fall time tf ~ 20 | ns 


* PCF80C51BH: 1,2 — 12 MHz only. 
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tS tcy 


a— tp > |<-____ ty ———_—> 


ALE 


<«—t}c— 
a! 


PSEN 


> <tp~arc 
=A CE 


AC SGV ee 


tc |< 


<= he 


PORT 2 4 address AD8 to AD15 or address AD8 to AD15 or 
special function registers (SFR) special function registers (SFR) 


7Z87549. 


Fig. 14 Read from program memory. 


— >| tWHLH /*— 


<2 _ tL p — > 
ALE 
PSEN 
+_— tLtw —>|+ tp —— 
RD 
<_———_— tLa-—~> <«—tpFR~> 
hw tpR—! (<— 
cer {wows f | p>——{q aeons [YX 
=| «i AER 
+  __ _ tap 
PORT 2 . 4 address AD8 to AD15 or special function registers SER) | 


7287550 


Fig. 15 Read from data memory. 


November 1986 199 


~ PCB80C51BH | 


ALE 


PSEN 


PORT O 


PORT 2 


200 November 1986 


PCB80C31BH _ 


—| tWHLH |<— 


Po ces Hermes, 4! | Seen ar 
| —r towx ies 


<«—t a> bit a ec cea, CAS ee es Typ ae 


4 address AD8 to AD15 or special function registers (SFR) 


-7287551 


Fig. 16 Write to data memory. 
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<—_—____—____——————. one machine cycle one machine cycle ” 
$1 | $2 $3 | $4 S5 | s6 $1 $2 $3 | S4 a 
P1 P2 |P1 P2 {P11 P2 |P1 P2 ({P1. P2 |P1 P2_=|P1 P2 a P2 jP1 P2 |P1 P2 o 
XTAL1 o 
INPUT s 
a 
oc. 
=’ 
ALE 3. 
° 
5 
Oo 
=] 
PSEN ¢ 
PSEN o) 
> 
= 
RD 
OS data {float} address float data {float} address © float — data float} address float data {float{ address float 
external | 
program 
memory 
fetch : 
PORT 2 address transitions - 
(EXTERNAL) 


se old data . | new data 
PORT | 
INPUT 


sampling time of !/O port pins during input (including INTO and INT 1) 


SERIAL 
PORT 
(SHIFT CLOCK) 7Z87552.1 


Fig. 17 Instruction cycle timing. 
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This data sheet contains advance information and 
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specifications are subject to change without notice. 


SINGLE-CHIP 8-BIT CMOS MICROCONTROLLER 


DESCRIPTION 


The PCB80CXX family of single-chip 8-bit CMOS microcontrollers consists of: 

@ The PCB80C49 with resident mask programmed 2K x 8 ROM, 128 x 8 RAM. 

® The PCB80C39 without resident program memory for use with external EPROM/ROM,128 x 8 RAM. 
All versions are pin and function compatible to their NMOS counter parts but with additional features 
and high performance. 


The PCB80CXX family are desgined to be both efficient control and arithmetic processors. 

The instruction set allows the user to directly set and reset individual |/O lines, and to test individual! 
bits within the accumulator. A large variety of branch and table look-up instructions enable efficient 
implementation of standard logic functions. Code efficiency is hign; over 70% of the instructions are 
single byte; all others are two byte. 

An on-chip 8-bit counter is provided, which can count either machine cycles (+ 32) or external events. 
The counter can be programmed to cause an interrupt to the processor. 

Program and data memories can be expanded using standard devices. Input/output capabilities can be 
expanded using standard devices. 

The family has low power consumption and in addition a power down mode is provided. 

For further detailed information see users manual ‘single-chip 8-bit microcontrollers’. 


FEATURES 

® 8-bit CPU, ROM, RAM, I/O ina single 40-pin package 

@ PCB80C49: 2K x 8 ROM, 128 x 8 RAM 

@ PCB80C39: 128 x 8 RAM 

® internal counter/timer 

® Internal oscillator, clock driver 

® Single-level interrupts: external and counter/timer 

® 1/7 internal registers: accumulator, 16 addressable registers 
@ Over 90 instructions: 70% single byte 

@ All instructions: 1 or 2 cycles 

@ Easily expandable memory and |/O 

® TTL compatible inputs and outputs 

® Single 5 V supply 

® Wide frequency operation range 

@ Low current consumption 

® Also available with extended temperature range; —40 °C to + 85 OC 


APPLICATIONS 


® Peripheral interfaces and controllers 
Test and measurement instruments 
@ Sequencers 

@ Audio/video systems 

® Environmental control systems 

® Modems and data enciphering 


PACKAGES 


PCB/F80C39/C49P: 40-lead DIL: plastic (SOT-129). 
PCB/F80C39/C49WP: 44-lead plastic leaded chip carrier (PLCC); SOT-187A. <f-— 
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Single-chip 8-bit CMOS microcontroller 
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Fig. 2(a) Pinning diagram, DIL; for pin Fig. 2(b) Pinning diagram, PLCC; for pin 
designation see next page. designation see next page. 


Where: n.c. = not connected. 
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function 


12—19 


BUS. Bidirectional |/O port that can be read or written using the 
RD and WR strobes. This port can also be statically latched. 
Contains the 8 lower order address bits during external memory 
access and receives the addressed instruction under control of 
PSEN. PSEN, ALE, RD and WR determine whether the access is 
an instruction fetch or a read/write access to external RAM. 


Port 1. 8-bit quasi-bidirectional |/O port (note 1). 


Port 2. 8-bit quasi-bidirectional !/O port (note 1). P20—P23 
contain the 4 higher order address bits during an access of external 
program memory. 


Output strobe (active LOW) for {/O expander. 
Input pin sensed using the JTO and JNTO instructions. 


Clock output pin when designated as such by the ENTO CLK 
instruction. 


input pin sensed using the JT1 and JNT1 instructions. Can be 
designated as the timer/counter input by the STRT CNT 
instruction. 


Interrupt input pin. When LOW causes an interrupt in the current 
program if external interrupt is enabled. Can also be used as an 
input, testable using the JNI instruction. Interrupt is disabled 
during and after a RESET. 


Reset input pin used to initialize the microcontroller. 

Active LOW. 

During program verification the address is latched by a ‘0’ to ‘1’ 
transition on RESET and the data at the addressed location is 
output on BUS (note 2). 

Address latch enable. Occurs once each machine cycle and is useful 
for timing and sampling. During external program or data memory 
access, ALE is used to strobe the address information multiplexed 
on the DBO to DB7 outputs. 


Read BUS. Active LOW strobe used to gate data onto BUS lines 
when reading from an external source. 


Write BUS. Active LOW strobe used to write data from BUS lines 
to an external designation. 

External access input. When HIGH, forces instruction fetch from 
external memory. 

Program store enable. Active LOW strobe that occurs only during 
a fetch from external program memory. 

Single step input. Active LOW which is used with ALE to cause 
the microcontroller to execute a single instruction. 

RAM power supply, + 5 V during normal operation and 
power-down mode. 
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Single-chip 8-bit CMOS microcontroller 


PCB80C49 

designation pin no. function 
XTAL1 2 One side of crystal (or inductor) input for internal oscillator. Can 

also be used as an input for an external timing source (note 2). 
XTAL2 3 Other side of crystal. 
Vss 20 Ground. 
Vec 40 Main power supply, + 5 V during normal operation. 
Notes 


1. Each port line can be designated as an input or an output. A line is designated as an input by first 
writing a logic 1 to the line. RESET sets all lines to logic 1. 
2. Non-standard TTL Vjp. 


FUNCTIONAL DESCRIPTION 
Program memory (see Fig. 3) 


The resident program memory is: 

2048 byte ROM 

The PCB80C39 has no resident program memory. 

The total addressing capability is 4096 bytes. 

The program memory address space is divided into two 2048-bytes banks MBO and MB1. 
The program memory is also divided into pages of 256 bytes for conditional branches. 


There are three locations in program memory of special importance. These locations contain the first 
instruction to be executed after one of three events. 
The three locations and their contents are: 

location 0 — activation, then deactivation of the RESET line, 

location 3 — activation of the INT line when the external interrupt is enabled, 

location 7 — an overflow of the timer/counter if the T/C interrupt is enabled. 


Data memory (see Fig. 4) 
The resident data memory is: 128 byte RAM. 


All locations are indirectly addressable by either of two RAM pointer registers at locations O and 1. 

The first eight locations of RAM (0 to 7) are designated as working registers and are directly addressable 
by several instructions. By selecting register bank 1, RAM locations 24 to 31 become the working 
registers, replacing those in register bank O (0 to 7). 

RAM locations 8 to 23 are designated as the stack. Two locations (bytes) are used per CALL, allowing 
up to eight levels of subroutine nesting. 

If additional RAM is required, up to 256 bytes may be added and addressed directly using the MOVX 
instructions. If more RAM is required, an I/O port can be used to select one (256 byte) bank of 
external memory at a time. 
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Fig. 3 Program memory map. 
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of an external RAM. 


6£90880d 


5 
@) 
WO 
© 
O 
©) 
ING 
Ce) 


DEVELOPMENT DATA 


Single-chip 8-bit CMOS microcontroller 


PCB80C39 
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Program counter and stack 


The program counter (PC) is a 12-bit counter/register that points to the location from which the next 
instruction is to be fetched. When EA is ‘0’, the PC addresses an internal program memory. At the 
boundary of the internal program memory an automatic switch over to external memory is made. 
When EA is ‘1’, all the program is fetched from external ROM/EPROM. The total address space is 4K 
bytes. An interrupt or CALL to a subroutine causes the contents of the program counter to be stored 
in one of the 8 register pairs of the program counter stack. The pair to be used is determined by a 3-bit 
stack pointer which is part of the program status word (PSW). Data RAM locations 8 to 23 are available 
as stack registers and are used to store the program counter and 4 bits of PSW. The stack pointer, when 
initialized to OOOB, points to RAM locations 8 and 9. The first subroutine jump or interrupt results in 
the program counter contents being transferred to locations 8 and 9 of the RAM array. The stack 
pointer is then incremented by one to point to locations 10 and 11 in anticipation of another CALL. 
Nesting of subroutines within subroutines can continue up to 8 times without overflowing the stack. 

If overflow does occur the deepest address stored (location 8 and 9) will be overwritten and lost since 
the stack pointer overflows from 111 to O00. It also underflows from 000 to 111. 

The end of a subroutine, which is signalled by a return instruction (RET or RETR), causes the stack 
pointer to be decremented and the contents of the resulting register pair to be transferred to the 
program counter. 


Oscillator and clock 


The PCB80C49 contains its own internal oscillator and clock driver. 

A crystal, inductor or external pulse generator determines the oscillator frequency (see Figs 5, 6 and 7). 
The output of the oscillator is divided-by-three and is available at TO (pin 1) by executing the ENTO 
CLK instruction. This CLK signal is divided-by-five to define a machine (instruction) cycle. It is | 
available at ALE (pin 11). 


LOCMOS 
gate 


For quartz crystal 

1 to 11 MHz: C1 = C2 = 15 to 25 pF 
For ceramic resonators 

1 to 11 MHz: C1 =C2= 30"? pF 


72896 56.3 
7Z89654.2 
(1) Including crystal-socket stray capacitance. 
Fig. 5 Crystal oscillator mode. Typical values Fig. 6 Driving from an external source. 
are given. Crystal serial impedance should be Test conditions at XTAL1; 
<75 Q at 6 MHz and < 180 22 at 3,6 MHz. Minimum HIGH (> 0,7 of Vcc) and LOW 


(< 0,13 of Vec) times, should be at 
least 45% of a clock period. 


7284738.1 


Fig. 7 LC oscillator mode. 
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FUNCTIONAL DESCRIPTION (continued) 
Timer/event counter 


An internal counter is available which can count either external events or machine cycles (+ 32). The 
machine cycles are divided-by-32 before they are applied to the input of the 8-bit counter. External 
events are applied directly to the input of the counter. The maximum frequency that can be counted 
is one third of the machine cycle frequency. The minimum positive duty cycle that can be detected 
is 0,2 times the cycle period. The counter is under program control and can be made to generate an 
interrupt to the processor when it overflows. 


interrupt 


An interrupt may be generated by either an external input (INT, pin 6) or the overflow of the internal 
timer/event counter, when enabled. In either case, the processor completes execution of the present 
instruction and then does a CALL to the interrupt service routine, After service, a RETR instruction 
restores the machine to the state it was prior to the interrupt. The external interrupt has priority over 
the internal interrupt. 


input/output 


The PCB80CXX family has 27 |/O lines. These lines are arranged as three 8-line ports, which serve 
individually as either inputs, outputs or together as bidirectional ports, plus 3 ‘test’ inputs which can alter 
program sequences when tested by conditional jump instructions. 


Ports 7 and 2 


Ports 1 and 2 are each 8-bits wide and have identical characteristics. Data written to these ports is 
statically latched and remains unchanged until rewritten. As input ports these lines are non-latching, 
e.g., inputs must be present until read by an input instruction. Inputs are fully TTL compatible and 
outputs will drive one standard TTL load. 

The lines of ports 1 and 2 are called quasi-bidirectional because of a special output circuit structure 
which allows each line to serve as an input, an output, or both even though outputs are statically 
latched. The circuit configuration is shown in Fig. 8. Each line has a unique high-impedance pull-up 
transistor TR3, this is turned on when the line is pulled above 2 V by an external source or by writing 
a logic 1 to the port. This pull-up is sufficient to provide the source current for a TTL HIGH level, 
yet can be pulled LOW by a standard TTL gate, thus allowing the same pin to used for both input and 
output. When a logic 1 is written to a line, a second high impedance transistor TR2, pulls the line up 
to 5 V. To provide fast switching during a ‘0’ to ‘1’ transition, a relatively low-impedance transistor 
TR1 (approx. 750 Q) is switched on for 1/5 of a machine cycle whenever a ‘1’ is written to the line. 
Whenever a ‘0’ is written to the line, a low-impedance (approx. 250 9) transistor TR4, overcomes the 
weak light pull-up and provides TTL current sinking capability. 


Since the pull-down transistor TR4 is a low-impedance device, a‘1’ must first be written to any line 
which is to be used as an input. RESET initializes all lines to the high impedance ‘1’ state. This 
structure allows input and output on the same pin and also allows a mixture of input lines and output 
lines on the same port. The quasi-bidirectional port in combination with the ANL and ORL logical 
instructions provide an efficient means for handling single line inputs and outputs within an 8-bit 
processor. 
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BUS 


BUS is also an 8-bit port which is a true bidirectional port with associated input and output strobes. 
lf the bidirectional feature is not needed, BUS can serve as either a statically latched output port or 
non-latching input port. Input and output lines on this port cannot be mixed. 

As a static port, data is written and latched using the OUTL instruction and input using the INS 
instruction. The INS and OUTL instructions generate pulses on the corresponding RD and WR output 
strobe lines; however, in the static port mode they are generally not used. As a bidirectional port, the 
MOV X instructions are used to read and write the port. A write to the port generates a pulse on the 
WR output line and output data is valid at the trailing-edge of WR. A read of the 2 port generates a 
pulse on the RD output line and input data must be valid at the trailing-edge of RD. When not being 


written or read, the BUS lines are high impedance. 


Test (TO, 71) and INT inputs 
Three pins serve as inputs and are testable with the conditional jump instruction. These pins are TO, T1, 


and INT and they allow inputs to cause program branches without the necessity to load an input port 


into the accumulator. The TO, T1 and INT pins have other possible functions as well. 


ORL, ANL 


] +5 +5V 


internal 
bus 
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Fig. 8 Quasi-bidirectional port structure. 


RESET input (see Fig. 10) 


The RESET input provides a means to initialize the processor. This Schmitt-trigger input has an 
internal pull-up resistor. The combination of an external 47 kQ resistor and a 1 wF capacitor provides 

a reset pulse of sufficient duration to guarantee that all circuitry is reset. if the reset pulse is generated 
otherwise, the RESET pin must be held at ground for at least 10 ms after the (0,13 Vcc) power supply 
is within tolerance. Only five machine cycles (2,5 us at 6 MHz) are required if power is already on and 
the oscillator has stabilized. 


Single step input (SS) 


Under control of the SS line, the processor can be forced to execute one instruction and then to wait 
until the single step switch is activated again. 
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FUNCTIONAL DESCRIPTION (continued) 
IDLE mode 


The PCB80CXX family is provided with a IDLE mode in which the internal oscillator, the internal timer 
and the external interrupt and counter are still functioning, while the status of following parts is 
maintained: RAM and register/Port 1 and 2/Bus. The IDLE mode is entered after execution of the 

IDLE instruction (opcode 1H). The IDLE mode is terminated by one of the two possible interrupts, 

if enabled, or a RESET signal. If an external interrupt terminates the IDLE mode, the next instruction 
that is executed is at location 3 of the program store. If a timer/counter interrupt terminates the IDLE 
mode, the next instruction is at location 7. The reset signal will terminate the IDLE mode, and also 
initialize the processor. 


Power-down mode 


in the PCB80CXX family, power can be removed from all but the 64 x 8 bit and 128 x 8 bit data RAM 
array, for low power standby operation. In the power-down mode the contents of the data RAM are 
maintained. Vcc serves as the + 5 V supply pin for most of the circuitry, while the Vpp pin supplies 
only the RAM array. In normal operation, both pins are at + 5 V. In standby, Vcc is at ground and 
Vpp is maintained at + 5 V. 


Applying RESET to the processor through the RESET pininhibits any access to the RAM by the 
processor and guarantees that the RAM cannot be inadvertently altered when power is removed from 
Vec. Fig. 9 shows a typical power-down sequence. 


POWER ] 

SUPPLY | | 
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Ay 
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data save 
routine 
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Set up time 
Data RAM inhibit 
for 7 clock periods 7Z87391.1 


Fig. 9 Power-down sequence. 
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Fig. 10(a) External reset circuit; (b) power-on reset. 
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Instruction set 


The PCB80CX~X instruction set consists of over 90 one and two-byte instructions (see Table 2). Program 
code efficiency is high because: 
@ working registers and program variables are stored in the RAM, which require only a single byte 
to address, 
 ®, program memory is: divided into pages of 256 bytes, which means that branch destination addresses 
require one byte. 
In addition to performing logical and avhinetic operations, the instruction set manipulates and tests 
both bits and bytes. A set of MOVE instructions operates indirectly upon either RAM or ROM, which 
permits efficient access of pointers and data tables. The indirect jump instruction performs a multi-way 
branch (up to 256) upon the content of the accumulator to addresses stored in a look-up table. The 
‘decrement register and j jump if not zero’ DJNZ instruction saves a byte every time it is used as peposed 
to using separate increment and test instructions. 
_ The on-chip counter enables either external events or time to be counted off-line from the main program. 
The PCB80CXX can either test the counter (under program control) or cause its overflow to generate: an 
interrupt. These features are required for real-time applications. Instruction timing is shown in Table 3. 
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Table 1 
Symbol definitions used in Table 2. 


# immediate data prefix 

@ indirect address prefix 

$ current value of program counter 
vas 

<_- 


symbol description 
A the accumulator 
AC the auxiliary carry flag 
addr program memory address (11-bits) 
Bb bit designation (b = O—7) 
BS the bank switch 
C carry flag 
CLK clock signal 
CNT event counter 
D nibble designation (4-bits) 
DBF program memory bank flip-flop 
data number or expression (8-bits) 
FO, F1 flags O and 1 
1 interrupt 
INT external interrupt 
P ‘in-page’ operation designation 
= Pp port designation (p = 1, 2 or 4—7) 
ma PSW program status word 
QO Rr register designation (r = 0, 1 or O—7) 
5 SP stack pointer 
= T timer 
rs) TF timer flag 
7 TO, T1, test O and 1 inputs 
> 
Lu 
a 


is replaced by 
is exchanged with 


Notes to Table 2. 


1. Instruction code designations r and p form the binary representation of the registers and ports 
involved. 


2. The dot under the appropriate flag bit indicates that its content is subject to change by the 
instruction it appears in. 


3. Numerical subscripts appearing in the FUNCTION column reference the specific bits affected. 
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Table 2 Instruction set 


| UV 
— OO) 
a igi an ages Nene eee ee — — CO ©CO 
ot | mnemonic | function description instruction code cycles |bytes flags Oo 
e! | D7 Dg Ds Dg D3 Dp Dy Do C|AC|FO|F1|/BS oo 
 @ + —— a 
7 ADD A,Rr (A)<(A) + (Rr) Add contents of designated _ 01 10 1 +r rier 1 1 |e; e oe 
0 : for r= 0-7 register to A | | | 
ADD A,@Rr (A)<(A) + ((Rr)) ‘Add indirect the contentsofthe |0 1 10 0 00r 1 1 |@| @ 
for r= 0—1 data memory location to A | 
ADD A,#data_ | (A)<{A) + data Add immediate data to A 10 0 00 0 0 1 1 2 2 |@| e 
d7 dg ds dg d3 dg dq do 
1 
ADDC A,Rr (A)<(A) +(C) +(Rr) | Add with carry the contents Oo 1 1 1 #1 +r r er 1 1 e|e | 
for r= 0-7 __ | of designated register to A 
ADDC A,@Rr (A)<(A) + (C) + ((Rr)) | Add indirect with carry the O11 11 0 00 fr 1 1 |e! e 
for r= 0-1 contents of the data memory | 
location to A | 
_ ADDC A,#data | (A)<(A) + (C) +data |Add immediate data with 00 01 0 01 = 1 2 2 |ele 
© 7 carrytoA ; d7 dg d5 dq d3 do dj do 
< ANLA,Rr (A)<(A) AND (Rr) Logical AND contents of 0. Te20- A or FE 1 1 
= for r = 0—7 | designated register with A | 
a ANL.A,@Rr (A)<(A) AND ((Rr)) | Logical AND indirect the — 0 Me? 20 Oy. 1) 105 1 1 
° for r= 0-1 contents of data memory with A 
ANL A,#data (A)<(A) AND data ‘Logical AND immediate data 0101 001 1 2 2 
with A |d7 dg dg dq d3 dg d1 dg 
CLRA (A)<0 Clear the contentsof A 0 C10 0.1 1 +1 1 1 
CPLA (A)<NOT(A) Complement the contentsofA |0 0 1.1 0 1 1 1 1 1 
IDAA Decimal adjust the contents of A | 0 te0..1 O 17 1 1 1 1 |e, e 
-IDECA (A)<(A) —1 Decrement the contents of A by 110 O 0 0 0 1 1 7 1 1 
INCA (A)<(A) +1 Increment the contentsof Aby1;0 0 01 0 1 1 =1 1 1 
ORL A,Rr (A)<(A) OR (Rr) Logical ORcontentsof © |0 1 001 rT r r 1 1 
for r = 0-7 designated register with A Boe te 
ORL A,@Rr (A)<(A) OR ((Rr)) | Logical OR indirect the contents|}0 1 0 0 0 00 Fr 1 1 


forr=0—1 of data memory location with.A 


Y 
0) 
xs} 
or 
© 
3 
oy 
® 
ns 
mob 
co 
© 
Oo 


LLZ 


ACCUMULATOR (continued) 


ORL A,#data 


RLA 


RLCA 


RRA 


RRCA 


SWAP A 
XRLA,Rr 


XRLA,@Rr 


XRL A,#data 


(A)<{A) OR data 


(An + 1)<(Ay) 
(Ag)(A7) 
for n = 0O—6 
(An + (Ap) 
(Ag)<(C) 
(C)<(A7) 

for n= Q-—6 


(An) <{An + 1) 
(A7)<(Ag) 

for n = 0—6 
(An)(An + 1) 
(A7)<(C) 
(C)<(Ag) 

n= 0-6 
(Aqg_7)<?(Ag_3) 
(A)<(A) XOR (Rr) 


(A)<(A) XOR ((Rr)) 


(A)<(A) XOR data 
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Logical OR immediate data 
with A 


Rotate A left by 1-bit without 
carry 


Rotate A left by 1-bit through 
carry 


Rotate A right by 1-bit without 


carry 


Rotate A right by 1-bit through 
carry 


Swap the two 4-bit nibbles in A 


Logical XOR contents of 
designated register with A 


Logical XOR indirect the 
contents of data memory 
location with A 


Logical XOR immediate data 
with A 


01 0 
d7 dg ds 
11°41 
11 °1 
071 1 
01 1 
01 O 
1 1°40 
11 #0 
1 1 =#«0 
d7 dg ds 


d4 d3 do dj do 


0 0O O 
0 O $1 
1 O 1 
1 O 1 
0 O 1 
0 O 1 
1 1 er 
1 O O 
1 O QO 
dq d3 d9 


1 


1 


dy 


1 


1 


do 
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Table 2 (continued) 


vu 
OO 
n WW 
se] mnemonic function description instruction code cycles |bytes flags CO ©O 
g D7 Dg Ds D4 D3 Dz Dy Dg C\AC|FO|F1/BS 50 
oO 
© 
a DJNZ Rr, addr | (Rr)<(Rr) —1 Decrement the specified a S 
= if (Rr) not zero: register and test contents = = 7 i : - . ie 
ase | (PCo_7)<-addr 
JBb addr (PCo_7)<addr if Jump to specified address boy b} bob 1 0 0 1 O 2 2 
Bb = 1; (PC)<-(PC) + 2 | if accumulator bit is set a7 ag am a4 ag ag ay ag 
if Bb =0 | 
JC addr (PCo_.7)<addr if Jump to specified address 11 #17 1 0 1 1 +0 2 2 
C=1;(PC)<(PC) +2 | if carry flag is set a7 aB aR aq a3 ag ay ag 
| ifC=0 
JFO addr (PCo_7)<addr if Jump to specified address 10 1 1 0 1 1 +0 2 2 
(FO = 1; (PC)<(PC) + 2 | if flag FO is set a7 ag aR a4 ag ag aq ag 
if FO=0 
JF1 addr (PCo_7)<addr if Jump to specified address 01 11 0 41 1 #0 2 2 
F1 = 1; (PC)<(PC) + 2 | if flag F1 is set a7 aGB aR a4 ag ap ay ag 
| = ifF1=0 
=| JMP addr (PCg__49)<-addrg 49 | Direct jump to specified ajioag ag O O 10 0); 2 | 2 
cc (PCo_7)<-addro_7 address within the 2K address a7 aj aR aq ag ag ay aQ 
(PC11)«(DBF) block 
_| JMPP @A (PCo_7)<((A)) Jump indirect to specified 10° ot 1 30 0: Eb 4 2 1 
| address within address page 
| SNC addr (PCo_7)<addr if Jump to specified address 1 1 10 0 41 1 +0 2 2 
= 0; (PC)<(PC) +2 | if carry flag is LOW a7 ag am aq ag ag aq ag | 
ifC= 1 
JNI (PCo_7)<addr if Jump to specified address 10 00 0 1 1 0 2 2 
INT = 0; (PC)<(PC) + | if INT input is LOW a7 ag aB aq a3 ap aq ag 
2 if INT = 1 
JNTO addr (PCo_7)<-addr if Jump to specified address 00 1060 0 1 1 =Q 2 2 
TO = 0; (PC)<-(PC) + 2 | if TO is LOW a7 aG aR a4 ag apg aq ag 
if TO= 1 
JNT1 addr (PCo_7)<-addr if Jump to specified address 0100 0 1 1 #0 2 2 
T1 = 0; (PC)<-(PC) + 2 | if T1 is LOW a7 aB aR a4 ag ap aq ag 


if T1=1 


DEVELOPMENT DATA » 


“TJNZ addr (PCo_7)<addr if | Jump to specified addressif A- | 1 0 01 0 110] 2 | 2 S 
A #0; (PC)<(PC) + 2 is non-zero a7 aG aR aq a3 ap ay ag Es 
if A=0 ze 

= JTF addr (PCo_ 5) <add if Jump to specified address if 00 01 0 1 1 0 2 2 af 

7 TR= 1; wee Pele: +2 timer ued is set to 1 | a7 aB a a4 ag ag ay ag | c 

=| ifTF=0 2 OQ 
ik | : 

9|JTO addr (PCo_7 )<addr if _ |Jump to specified address if 00 1 1 0 1 1 =0 2 2 a 

+ — {TO= 1; (PC)<(PC) +2) TO= 1 a7 aE a_ aq ag ap aq ag ld 
z if TO=0 | = 
ae |JT1 addr {Po 7)<addr if Jump to specified addressif |0 1 01 0 1 1 0; 2 | 2 | || E 
ca Maia | (PC)<(PC) ae a7 ag aR a4 a3 ap aq ag bs 5 
i T1=0 | | E 
| (PCo__7)<addr if | Jump to specified address if A 11 00 0 1 1 +0 2 2 | 2 
A = 0; (PC)<+(PC) + 2 | is Zero a7 a§ a5 a4 a3 aD a4 AQ | | 
_ {if A#0 | 


i | ie 
. | | Enable external (INT) inter- 00 00 0 1 0 1 1 
| rupt 


| Disable external (INT) inter- 66:30 7 GO 4045 4 
. rupt 

_,|SEL RBO (BS)}<O _ {Select bank O (locationsO—7) of | 1 1 0 0 0 1 0 1 1 e 
Oo 3 data memory 
oc | 
+|SEL RB1 (BS)<1 Select bank 1 (locations 24—31) | 1 1 0 1 0 1 0 1 1 e 
S of data memory | 
~|SEL MBO \(DBF)<O Select program memory bank 0:; 1 1 10 0 10 1 1 

| | ~ | addresses O—2047 

| SEL MB1 pene Select program memory bank 1; 1 1 0 71 0 1 1 


| addresses 2048-4095 


, | ENTO CLK ee '- | Enable clock output onto TO 
4 eae es ele 


f 


Pio | } 


9861 Jequiardas 
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Table 2 (continued) 


Se) 
@ 
me) 
r+ 
© 
=. 
on 
oO 
3 
went 
c© 
00 
© 


DATA MOVES 


mnemonic function 


(A)<data 


MOV A,Rr (A)<(Rr) 
for r = O—7 
MOV A,@Rr |(A)<((R)) 
for r= 0—1 
MOV A,PSW 


(A)<(PSW) 


MOV Rr,#data_ /|(Rr)<data 


for r = 0-7 
MOV Rr,A (Rr)<(A) 
for r = O—7 
MOV @Rr,A ((Rr))<(A) 
for r= 0-1 
MOV @Rr,#data |((Rr))<data 
for r= 0-1 
MOV PSW,A (PSW)<A 
MOVP A,@A (A)<((A)) 
MOVP3 A,@A — |\(A)<({A)) 
in page 3 
MOVX A,@Rr_ = {(A)<((R)) 
for r = O—1 
MOVX @Rr,A_ |((Rr))<(A) 
for r= 0-1 
XCH A,Rr (A)<>(Rr) 
for r= 0-7 
XCH A,@Rr (A)<>((R)) 
| for r= 0—1 


description 


Move immediate data into A 


Move the contents of the 
designated register into A 


Move indirect the contents of 
data memory into A 


Move contents of the program 
status word into A 


Move immediate data into the 
designated register 


Move A contents into the 
designated register 


Move indirect A contents into 
data memory location 


Move indirect the specified 
data into data memory 


Move contents of A into the 
program status word 


Move data in the current page 
into A 


Move data in page 3 of memory 
bank @ into A 


Move indirect the contents of 


external memory location into A 


Move indirect the contents of A 
into external memory 


Exchange A with designated 
register contents 


Exchange indirect A contents 
with location in data memory 


instruction code 
D7 Dg D5 D4 D3 D2 Dy Do 


1 


r 


00 10 0 0 
d7 dg dg dq4 d3 do dq 
11 #14 7 #71 =f 
11 1 1 0 0 
11 00 0 1 
10 1 1 #71 =F 
d7 dg ds dq dg dg 
10 10 1 rf 
10 10 0 QO 
10 1 1 0 QO 
d7 dg ds dg d3 d2 
11 01 0 1 
10 10 0 0 
11 1 0 0 0 
10 00 0 0 
10 0 1 0 =O 
00 10 1 =F 
00 10 0 0 


1 
do 


cycles |bytes flags . 
CIAC |FO|F1/BS 


UU 
OO 
WW 
CO © 
OO 
OO 
& GW 
oOo 


Lc 


* 
© 
xs) 
ook 
© 
=: 
a 
© 
ion Fae 
ace 
© 
0o 
o 


CPL C 
| CPL FO 
CPL F1 
CLRC 
CLR FO 
CLR F1 


FLAGS 


(C)<NOT (C) 
(FO)<-NOT (FO) 
(F1)<NOT (F1) 
(C)<0 

(FO)<O 

(F1)<0 


ANL BUS,#data | (BUS)<({BUS) AND 


ANL Pp,#data 
ANLD Pp,A 
IN A,Pp 


INS A,BUS 
MOVD A,Pp 


| MOVD Pp,A 


INPUT/OUTPUT 


ORLD Pp,A 


data 

(Pp)<+(Pp) AND 

data; p = 1-2 
(Pp)<(Pp) AND 
(Ag_—3); p = 4-7 
(A)<(Pp) 

p= 1-2 

(A)<+(BUS) 
(Ag_3)<(Pp);p = 4-7 
(Ag_7)<0 


p= 4-7 
(Pp)<(Pp) OR 
|(Ag—3); p = 4-7 


ORL BUS,#data | (BUS)<(BUS) OR 


| ORL Pp,#data 


| | OUTL BUSA 


OUTL Pp,A 


data 


(Pp)<(Pp) OR data 
p= 1-2 


(BUS)<(A) 


(Pp)<(A) 
p= 1-2 


(Pp)<(Ap_3) 


DEVELOPMENT DATA 


Exchange indirect 4-bit 0 


= XCHD A,@Rr (Ag_3)<?(Rro_3) 
{a for r = O—1 {contents of A with data memory 


Complement content of carry bit | 1 
Complement content of flag FO 
Complement content of flag F1 
Clear content of carry bit to 0 
Clear content of flag FO to O 


1 
1 
1 
1 
1 


Clear content of flag F1 to O 


Logical AND immediate data 1 
with BUS d7 
Logical AND immediate data with; 1 
designated port (1 or 2) d7 
Logical AND contents of A 1 


with designated port (4—7) 


Input data from designated port | O 
{1—2) into A 


Input strobed BUS data into A 


Oo © 


Move contents of designated 
port (4—7) into A 


Move contents of A to 0 
designated port (4—7) | 


Logical OR contents of A with 1 


designated port (4—7) 


Logical OR immediate data 


with BUS d7 
Logical OR immediate data with | 1 
designated port (1—2) d7 
Output contents A onto BUS 0 
Output contents A to 0 


designated port (1—2) 


0 11 0 0 0 


a ee ee ee ee ee Y 
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OQ 
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CC 


i Start count for event counter 


Start count for timer 


Table 2 (continued) 0 
és | mnemonic if unction | description | instruction code —_ icycles|bytes | flags . | © 
By | Dy Dg Dg D4 D3 D2 Dy Do! icljac|rolrijps| | WS 
rs a a a ae ee eee ae ett -_ 
= | | DEC Rr | (Rr)<(Rr) —1 | Decrement contents of bt «Oo: “hb 4 ££ -s | 114 i | Pf | 5 5 
® oi | for r= 0-7 | designated register by 1 | | | | | | ! BOW 
o | ia) INC Rr (Rr)< (Rr) +1 "Increment contents of POO. 30.4 4 oe a bs | | a oe 
oS | 1) | for r= 0-7 | designated register by 1 | | | | | | ; | 

! | INC @Rr | ((RY<(Rr)) +1 | increment indirect the contents | 0 0 0 1 | | | | | | | 

| | for r = 0-1 _ of data memory location by 1 | | i | 
corre CTT | a | ae 
| CALL addr  USP))}<(PC), ‘Call designated subroutine /a10a9 ag 1 | 

| | | (PSW4_ >) \a7 ag am aq 

ja | (SP)<(SP) + 1 | | 

Fa | (PCg_jg)addrg_19 | | 

2 | (PCo_.7)<-addro_7 | | 

| RET | (SP}<(SP) —1 | Return from subroutinewithout 1 0 0 0 

a | (PC)<-({SP)) | restoring program status word 

B | | 

| RETR | (SP)<(SP) —1 | Return from subroutine }1 0 0 1 
| | (PC)<{(SP}) | restoring program status word 
in | (PSW4_7)<((SP)) | | | 
| EN TCNTI | | Enable timer/counter interrupt | 0 0 1 0 
| | DISTCNT! | | Disable timer/counter interrupt | 0 O 1 1 
| ja | 
| MOV A,T | (A)AT) | Move contents of timer/counter | 0 1 O O 
Z| | | into A | 
| 3 MOV TA | (T)<{A) | Move contents of A into 10 1 #71 «0 
S| | | | timer/counter | 
| el STOPTCNT | | Stop count for event counter | Oo + +. 0 
=| | or timer 
| 
oe 


eniering: IDLE a IDLE mode 


| <a NOP | No operation 


Table 3 Instruction timing (see also Figs 11 and 12) 


DEVELOPMENT DATA 


increment 
MOVD A,P 


fetch 
instruction 


ig) 
© 
xe) 
_—. 
© 
3 
on 
@D 
s 
—_, 
CO 
CO 
oO) 


program 
counter 


€c72 


RAM 
address 
output 
RAM 
address 


output 
opcode/ 
address 


| 
increment 
timer 


a cadet _ cycle 1 E cycle 2 
fetch mene increment read 
IN A,P , ; program — : ~ - = 
instruction timer port 
counter | | 
OUTLP,A | : | , ouput | * 
: | | — | to port = 7 7” 
| | == P ze 
| | * | | ‘4 | fetch *increment 
| ANL P,#data | | — | he ; immediate — | program 
| | | | ee data | counter 
| | ar | F | F fetch | *increment 
| ORL P,#data | | | — | ie : immediate _ program 
| | | | : | er data counter 
| INS A,BUS | | si. % - Co ae 
| | | | | port 
ee | * 
OUTL BUS,A | | 7 | | ae ; = —_ _ 
| od | | d fetch | *increment 
ANL BUS,#data | | = | | ee ' immediate | — program 
| | | vo data counter 
| ot q fetch | | *increment 
ORL BUS,#data | | ace immediate — program 
| | oe data counter 
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Table 3 Instruction Pe nrererereeete (continued) 


fetch increment output i epaant output 
MOVD P,A wnstruction | Program opcode/ | ager data to 
counter address P2 lower 


output 
opcode/ 
address 


ANLD P,A 


output 
opcode/ 
address 


~ORLDP,A 


sample | increment fetch “update 
J (conditional) pl ; immediate program 
condition timer rere oe 


start 
counter 


stop 
counter 
enable 
interrupt 
disable 
interrupt 


*increment 
program 
counter 


STRT CNT STRT T 


STOP TCNT 


DIS | 
ENTO CLK 


* Valid instruction addresses are output at this time if external program memory is being accessed. 


Exe 


enable 
clock 


fetch 
instruction 
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Single-chip 8-bit CMOS microcontroller 


INPUT 
E- al INPUT | DECODE EXECUTION INPUT 
OUTPUT ADDRESS | INC. PC OUTPUT ADDRESS 


7Z84731 


Fig. 11 Instruction cycle. 


CLOCK OUTPUT 
AT PIN TO 


ALE 


PSEN 


= 


RD, 


7Z84732.1 


Fig. 12 Instruction cycle timing. 
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Table 4 Instruction map. 


UU 

OQ 
wn WOW 
i first hexadicimal character of opcode 00 © 
a L. second hexadicimal character of opcode 5 8 
g Fc Ee 1S a Fe a fo JA TB iclole Fil] Rw 
= NOP IDLE | OUTL | ADD JMP EN | DECA INS IN A, Pp MOVD A,Pp © © 
oa mode | BUS,A | A, #data | page 0 | A,BUS 1 | 2 4 |5 |6 |7 
o>) 


1 INC @Rr JBO ADDC CALL DIS | JTF INCA INC Rr 
0 1 addr A, #data | page O addr 0 
2 | XCHA, @Rr MOV JMP EN JNTO | CLRA XCH A,Rr 
0 1 A, #data | page 1 TCNTI | addr 0 1 | 2 3 1|4 15 |6 {7 
3 | XCHDA, @Rr JB1 CALL DIS JTO CPLA OUTL Pp,A MOVD Pp,A 
0 1 addr page 1 TCNTI | addr 1 | 2 4:5 16 {7 
4 | ORLA, @Rr MOV ORL JMP STRT JNT1 | SWAP ORL A,Rr 
0 1 A, T A, #data | page2 | CNT addr =| A 0 | 1 2 |3 |4 1/5 [6 |7 
5 | ANLA, @Rr JB2 ANL CALL | STRT JT1 DA, A ANL A,Rr 
1 addr A, #data | page2 | T addr 0 1 415 {6 |7 
DD A, @Rr MOV JMP STOP RRCA ADD A,Rr 
1 T,A page 3 TCNT 0 1 
DDC A, @Rr CALL ADDC A,Rr 
addr page 3 0 1 2 
ORL BUS, | ORL Pp, #data 
#data 1 2 
JB4 RETR CALL 
addr page 4 
OV @Rr,A 
1 


ANL BUS, | ANP Pp, #data 
# data 1 2 
OV @Rr, #data | JB5 JMPP CALL JFO 
1 addr @A page 5 addr 


MOV Rr,A 
0 
MOV R, #data 
0 
JMP SEL ) JZ MOV DEC Rr 
page 6 RBO addr A, PSW | 0 
RL A, @Rr JB6 XRL CALL | SEL MOV XRLA,Rr 
addr A, #data | page 6 RB1 PSW, A 0 1 
MOVP3 | JMP SEL JNC RLA DJNZ Rr, addr 
A @A page 7 MBO addr 0 1 2 3 7/4 15 |6 {7 
JC RLCA MOV A,Rr 
addr 0 1 2 3 4 |5 6 7 


— 
NO 
wo 
aa 
o1 
oO 
~ 


NO 


o> 
N 
> 
ol 
oO 
~ 


-O 
8) 

1°) 

“NI 


i 
oO 
Oo) 
~~ 


A 
Oo) 
~ 


5 
LD Pp,A 
5 


—_ 
co 
Ww 


R 


OVX @Rr,A 
1 


NLD Pp,A 
5 16 17 


AD 


2 


Ox OzlCe 
— — — 
NM [Nh 
w lw 
Bp [fs 
oO io 
oO | 
~s ~ 


yy 
N 
w 
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ro) 
“NI 


OV A, @Rr 


BSE. eee 
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ar ces 


DEVELOPMENT DATA 


Single-chip 8-bit CMOS microcontroller 


PCB80C49 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
D.C. current into any input or output t1,,t+1lo max. 10 mA 
Total power dissipation Prot max. 0,5 W 
Storage temperature range T stg —65 to + 150 OC 
Operating ambient temperature range Tamb Oto +70 °C 


D.C. CHARACTERISTICS 
Vss = 0 V; Tamb = 0 to + 70 °C; all voltages with respect to Vs; unless otherwise specified 


= min. |typ.|max. conditions anita 
Vcc = ! 


Vpp 4,5 |5,0 {5,5 


parameter 


unit 


| Supply voitage 


| | 
| Supply current — 15 f= 11 MHz | | 
total ltot = == i ; = : ie | ltot = Icc a IDD | 
7 7 \ : | 
=. 1. 16 /f=11 MHz _ | 
IDLE mode lidle — _ ie aie = ais | Fcte= loc * top : 
= a ; mM = Z } 
| power down mode | pd — j— |2 uA |Vpp =2 V; RESET = LOW | 
inputs | | | 
| Input voltage LOW | 
all inputs except | 
RESET: XTAL 1; | | lots 
XTAL 2 1 OMVIE —0,5;,— i‘ V 
| | Vcc 
Input voltage LOW | 
! RESET; XTAL 1; | | 0.13x | 
| XTAL 2 | Vit —0,5 | — Vcc V : 
| Input voltage HIGH | | 
! all inputs except | 
| RESET; XTAL 1; | 04x | 
| XTAL2 | YI | Veei7 [Yeo |¥ | : 
| Input voltage HIGH | | | | 
| RESET; XTAL 1; 07x | 
XTAL 2 V : — |V V 
| IY 2 Vee CC 
Outputs | 
Output voltage LOW 
BUS VOL — — |045 |V lol =2mA 
Output voltage LOW | 
RD; WR; PSEN; ALE Vot1 |- {- {0,45 iV lilo, =1,8 mA 
Output voltage LOW | 
PROG VOL2 — — |045 [V lol =1mA | 
Output voltage LOW 
all other outputs VOL3 — — |045 |V lo. = 1,6 mA 3 
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D.C. CHARACTERISTICS (continued) 


| parameter 


Output voltage HIGH 
BUS 


Output voltage HIGH 
RD; WR; PSEN; ALE 


Output voltage HIGH 
all other outputs 


Input leakage current 
INT; T1; EA on 


Input leakage current = 
P10 — P17; P20 — P27; SS} —l); 4 


Input leakage current 
RESET —liLR 


Output leakage current 
BUS; TO at high . 
impedance state t+ lot 


September 1986 


unit | conditions 


—loy = 400 nA 
—loy = 100 vA 
—IoH = 40 nA 


without internal pull-up; 
Vss <Vi<Vec 


with internal pull-up; 
Vsg + 0,45<V,;<Vec 


Voss < Vi SVjL1 


uA | Vogt 045<V;<Vec 
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Single-chip 8-bit CMOS microcontroller 


A.C. CHARACTERISTICS 
Vcc = Vpp = 5 V + 10%; Vss = 0 V; Tampb = 0 to + 70 °C; note 1 
See waveforms Figs 13, 14, 15, 16 and 17 


parameter f (te) symbol on MHz unit 
(note 2) | min. 


Clock period (note 2) 


WfXTAL) 


ALE pulse width 7/30tc,.—170 ns 
Address set-up time 
to ALE 1/5tc, -110 ns 
Address hold time | 
from ALE 1/15te,; —40 ns 
Control pulse width 
RD, WR 1/2tc,_—200 ns 
Control pulse width 
PSEN 2/5tc,.—200 ns 
Data set-up time 
< before WR 13/30tc L—200 ns 
< Data hold time 
2 after WR (note 3) 1/15tc; —50 ns 
< Data hold time 
z RD, PSEN 1/10tc, —30 ns_ 
° RD to data input 2/5tc,—170 ns 
S PSEN to data input 3/10tc, —170 ns 
Lu : 
Qa Address set-up time 
to WR 1/3tc,.—150 ns 
Address set-up time 
to data input (RD) 7/10te, —250 ns 
Address set-up time 
to data input (PSEN) » 1/2tc, —220 ns 
Address floating 
to RD, WR 2/15tc, —40 ns 
Address floating 
to PSEN 1/30tc.—40 ns 
ALE to control pulse 
RD, WR 1/5te,_—75 ns 
ALE to control pulse 
PSEN 1/10tc; —75 ns 
Control pulse to ALE 
RD, WR, PROG 1/15tc, —40 ns 
Control pulse to ALE 
PSEN 4/15tc; —40 ns 
Port control set-up 
to PROG 1/10tc, —80 ns 
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A.C. CHARACTERISTICS (continued) 


parameter f (te) symbol 11 MHz } unit 


min. max. 


Port control hold 


to PROG 4/15tc, -260 tpc 100 — ns 
PROG to time port 2 
input must be valid 17/30tc,_—120 tpR ~ 650 ns 
Input data hold time | 
from PROG 1/10te, tpr 0 140 ns 
Output data set-up time 2/5tc,_—290 tpp 250 ns 
Output data hold time 1/10tc, —90 tpp 40 — ns 
PROG pulse width 7/10te,—250 tpp 700 — ns 
Port 2 |/O data set-up 
time to ALE — 4/15tc, —200 tpi 160 _ ns 
Port 2 |/O data hold 
time to ALE 1/10te, —120 tp 15 — ns 
Port output from ALE 3/10tc,_.+100 tpy —_ 510 ns 
Cycle time (1/fytAL) x 15 tcy 1,36 15 Us 
TO repetition rate 3/15teL 270 — ns 
Clock period (note 2) tx TAL) 98,8 1000 ns 


Notes to A.C. characteristics 


1. Control outputs: Cy; = 80 pF 
Bus outputs: Ci = 150 pF. 


2. f(tc,_) assumes 50% duty cycle on XTAL 1 and XTAL 2; minimum frequency = 1 MHz. 
3. Bus high-impedance load: 20 pF. 


<«- tL AFCI1—~> 
ALE 


ee CC a ee CN 


Seo <«—tprR 


an atl 
BUS FLOATING > ADDRESS K FLOATING YK FLOATING 


~—tapi-> 7287393 


——______—__—_—_——- tan, ——____-—_-_-—>> 


Fig. 13 Read from external data memory. 
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<—— tLarc1 —~> 


ALE 
a ACC ee CAT 
WR 
«two > 
<tpw-> 
BUS FLOATING ADDRESS FLOATING DATA FLOATING 
aaa AW 7287394 
Fig. 14 Write to external data memory. 
« tcy Soe sees aE 
<——— tLL ——> 
"LAFC2—» 
ALE 
<= tcc2 - 

<q << > tca2 << 
<a 

PSEN 
Q 
7 as “LA —r| tp + 
Lu —> tal = 
= 
O BUS FLOATING ADDRESS Cs FLOATING Pues FLOATING 
_ 
= seieomcie OY a a 7287392 
Lu = ‘02 
Q 

Fig. 15 Instruction fetch from external program memory. 
ALE 
tCA1—> 
eiipiese —>| TPH j~«— 
~<— tpp 
EXPANDER 
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Fig. 16 Port 2 timing. 
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specifications are subject to change without notice. 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


GENERAL DESCRIPTION 


The PCB83C552 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and is 
a derivative of the PCB80C51 microcontroller family. PCF 83C552 has the same instruction set as the 
PCB80C51. Two versions of the derivative exist although the generic term ‘‘PCB83C552” is used to 
refer to both family members: 


@ PCB80C552: ROM-less version of the PCB83C552 | 
@ PCB83C552: 8 K bytes mask programmable ROM, 256 bytes RAM 


This I/O intensive device provides architectural enhancements to function as a controller in the field of 
automotive electronics, specifically engine management and gear box control. 


The PCB83C552 contains a non-volatile 8 K x 8 read-only program memory (not ROM-less version), a 

volatile 256 x 8 read/write data memory; six 8-bit 1/O ports; two 16-bit timer/event counters (identical 

_ to the timers of the 80C51); an additional 16-bit timer coupled to capture and compare latches; a fifteen- 
source, two-priority-level, nested interrupt structure; an ADC and DAC pulse width modulated inter- ; 
face, two serial interfaces; UART and 12C- bus, a ‘watchdog’ timer and on-chip oscillator and timing ce 
circuits. For systems that require extra capability, the PCB83C552 can be expanded using standard TTL 
compatible memories and logic. 


The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of over 100 instructions; 44% one-byte, 41% 
two-byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 us and 
40% in 2 us. MUNDY and divide instructions require 4 HS. 


Feat res" 


~80C51 central processing unit 
8 K x 8 ROM, expandable externally to 64 K bytes 

_ 256 x 8 RAM, expandable externally to 64 K bytes 
Two standard 16-bit timer/counters | 
An additional 16-bit timer/counter coupled to four cantare registers and three compare registers 
An A/D converter with 8 multiplexed analogue inputs and 10-bit resolution 
Two 8-bit resolution, Pulse Width Modulated analogue outputs 

Five 8-bit 1/0 ports plus one 8-bit input port shared with analogue inputs 
1?C Bus serial 1/O port with byte orientated master and slave functions 
Full-duplex UART compatible with the stander PCB80C51 
On-chip wateneg9 timer 


PACKAGE OUTLINE 
PCB83C552: 68-lead PLCC; plastic, leaded-chip-carrier (SOT-188A). 
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alternative function of port 3 
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Fig. 1 Block diagram. 


PCB83C552 
PCB80C552 


Single-chip 8-bit microcontroller 


XTAL1 ——> <> + 
XTAL2 <> +> 
_ <=? =? LOW ORDER 
EA +> +> ADDRESS 
PORT O AND 
PSEN +> <> DATA BUS 
ALE <> + 
+> + 
PWMON Poe _— / 
PWM1N 
+> <+— crTOl 
Avec +> +— ctl! 
AVop +> +— C72! 
<> +— CT3! 
AVref+ —> PORT 1 
AV ref - ——p» <> = RT2 
+> +> SCL 
STADC ——> 4 +> SDA 
ADCO ——> —> PCB83C552 <> —> 
ASC PCB80C552 
2 ADC2 ——»> —> +> —> 
HIGH ORDER 
ADC3 ——> ——-»> +>» ——> 
y; PORT 5 - PORT 2 ADDRESS 
a ADC4 ——> —» +> —> BUS 
= ADC5 ——> —> +> —»> 
< ADC6 —» —> +> —> 
> ADC7 --»> ~———p <> —> 
oO. 
° CMSRO ¢—- > +» 4+— RXD/DATA 
TT) CMSR1 4— <> +> —» TXD/CLOCK 
nf CMSR2 ¢— <> +» 4#— INTO 
QA CMSR3 ¢+— +—> > 4— INT1 
PORT4 PORT 3 
CMSR4 ¢— <+—> <> 4— TO 
CMSR5 ¢— <—> +> +— TI 
CMTO <— 4—> +» —> WR 
CMT1 <— <--> +> ——»> RD 
RST <—> 4— Voc 
EWN ——> <— Von 
7297645 


Fig. 2 Functional diagram. 
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Fig. 3 Pinning diagram for PCB83C552. 


P4.3/CMSR3 [10 | _ | 60 | AVss 
p4.4/cmsR4 [11] | 59 | AVret+ 
P4.5/CMSR5 | 58 | AVrep 
P4.6/CMTO P0.0/ADO 
P4.7/CMT1{ 14 | | 56 | PO.1/AD1 
RST | 15 | | 55 | PO.2/AD2 
P1.0/CTO! | 16 | | 54 |. P0.3/AD3 
P1.14/CT1I | 53 | P0.4/AD4 
P1.2/cT2i {18 | ~ Scugacee2 [52 | Po.5/AD5 
P1.3/CT31 [19 P0.6/AD6 
P1.4/T2 | 20 =| | 50 | PO.7/AD7 
P1.5/RT2 [ 49 «| EA 
P1.6/ScL { 22 ]| [48 | ALE 
P1.7/SDA PSEN 
P3.0/RXD [46 | P2.7/A15 
P3.1/TXD | 45 | P2.6/A14 
P3.2/INTO [44 | P2.5/A13 
AR FPFPPR PAPAL 
PEEERe ei gegse2 828 § 
5 2 eS an Ss = 8 8 3 gees 
os *# & @ & ‘. a oo oo 


DEVELOPMENT DATA 


Single-chip 8-bit microcontroller 


PINNING 

2 Vpp 

3 STADC 

4 PWMON 

5 PWM1N 
EWN 

7-14 P4.0- 
P4.7 

15 RST 

16- P1.0- 

23 P1.7 

24- P3.0 

31 P3.7 
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Digital power supply: + 5 V power supply pin during normal 
Operation, idle mode and power down mode 


Start ADC operation: Input starting analogue to digital 
conversion (ADC operation can also be started by software) 


Pulse width modulation output 0 

Pulse width modulation output 1 

Enable watchdog timer: Enable for T3 watchdog timer and 
disable power down mode 


Port 4 
8-bit quasi-bidirectional 1/O port 


Port pin Alternative function 

P4.0 CMSRO: Timer T2; Compare and set/reset outputs on 
P4.1 CMSR1: amatch with timer T2 

P4.2 CMSR2 

P4.3 CMSR3 

P4.4 CMSR4 

P4.5 CMSR5 

P4.6 CMTO : Timer T2; Compare and toggle outputs on a 
P4.7 CMT1 match with timer T2 


Reset: Input to reset the PCF83C552. It also provides a reset 
pulse as output when timer T3 overflows. 


Port 1 

8-bit quasi-bidirectional I/O port 

Port pin Alternative function 

P1.0 CTO! : Capture timer input signals for timer T2 
P1.1 CT11 

P1.2 CT2| 

P1.3 CT3I 

P1.4 T2 : T2 event input 

P1.5 RT2 : T2 timer reset signal. Rising edge triggered 
P1.6 SCL — : Serial port clock line I?C bus 

P1.7 SDA _ : Serial port data line 12C bus 

Port 3 

8-bit quasi-bidirectional I/O port 

Port pin Alternative function 

P3.0 RXD — : Serial input port 

P3.1 TXD — : Serial output port 

P3.2 INTO  : External interrupt 

P3.3 INT1  : External interrupt 

P3.4 TO : Timer 0 external input 

P3.5 T1 : Timer 1 external input 

P3.6 WR : External data memory write strobe 
P3.7 RD : External data memory read strobe 
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PINNING (continued) 


36 XTAL1 Connection to timing component (crystal) that determines the frequency 
of the internal oscillator. It is also the input for an external clock source 


35 XTAL2 Connection to other side of timing component 
37,38 Vss Two digital ground pins 
| Port 2 
39- P2.0- _ 8-bit quasi-bidirectional |/O port 
46 P2./ Pin Alternative function 
P2.0-P2.7 High-order address byte for external memory (A08-A15) 
47 PSEN. Program store enable: active LOW read strobe to external 


program memory 


48 ALE Address latch enable: latches the low byte of the address during accesses 
to external memory. It is activated every six oscillator periods. During 
a data memory access one ALE pulse is skipped. ALE can drive up to 
8 LS TTL inputs and handles CMOS inputs without an external pull-up 


49 EA External access: When EA is held at TTL level HIGH, the CPU executes 
out of the internal program ROM, provided the program counter is less 
than 8192. When EA is held at TTL LOW level, the CPU executes out of 
external program memory. EA is not allowed to float. 


Port 0 
50- PO.7- 8-bit binary I/O port 
5/7 P0.0 Pin Alternative function 


PO.7-P0.0 Multiplexed low-order address and data bus of 
external memory (AD7-ADO) 


58 AV ref— LOW end of analogue to digital conversion reference resistor 
59. AV reft High end of analogue to digital conversion reference resistor 
60 AVss Analogue ground 

61 AVpp Analogue power supply 

62- P5.7- 8-bit input port 

68 P5.0 

1 Pin Alternative function 


P5.0-P5.7 Eight input channels to ADC (ADCO-ADC7) 


At power-on, the voltage on any pin at any time must not be higher or lower than Vcc + 0,5 V or 
Vss — 0,5 V respectively. 
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Single-chip 8-bit microcontroller 


FUNCTIONAL DESCRIPTION 
General 


The PCB83C552 is a stand-alone high-performance microcontroller designed for use in real-time 
applications such as instrumentation, industrial contro] and specific automotive control applications. 


The device provides in addition to the 80C51 standard functions, a number of dedicated hardware 
functions for these applications. 


The PCB83C552 is a control-oriented CPU with on-chip program and data memory. It can be extended 
with external program memory up to 64 K bytes. For systems requiring extra capability, the PCB80C552 
can be expanded using standard memories and peripherals. 


The PCB83C552 has two software selectable modes of reduced activity for further power reduction 
— Idle and Power Down. The Idle mode freezes the CPU while allowing the RAM, timers, serial port 
and interrupt system to continue functioning. The Power Down mode saves the RAM contents but 
freezes the oscillator causing all other chip functions to be inoperative. 


Memory organisation 


The central processing unit (CPU) manipulates operands in three memory spaces; these are the 64 K-byte 
external data memory, 256-byte internal data memory and the 64 K-byte internal and external program 
memory. The internal data memory address space is sub-divided into the 256-byte internal data RAM and 
128-byte Special Function Register (SFR) address spaces, as shown in Fig. 4. Figures 5(a) and (b) show 
the Special Function Register memory map. Internal RAM locations 0-127 are directly and indirectly 
addressable. Internal RAM locations 128-256 are only indirectly addressable as internal data RAM. The 
special function register locations 128-255 are only directly addressable. 


64K 


64K 


EXTERNAL 


8192 


8191 OVERLAPPED 


SPACE 


SPECIAL 
FUNCTION, 
| REGISTERS 


INTERNAL EXTERNAL 


(EA =1) (EA = 0) 


INTERNAL 


DATA RAM 
0 0 
A SS 
PROGRAM MEMORY INTERNAL EXTERNAL 
| DATA MEMORY DATA 
7296495 MEMORY 


Fig. 4 Memory map. 
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FUNCTIONAL DESCRIPTION (continued) 


REGISTER 
MNEMONIC BIT ADDRESS 


# TMH2 
# TML2 


CTCON 
TM2CON 


IEN1 


SIADR | 
S1IDAT 
# SISTA 

S1CON 


PSW 

# CTH3 
# CTH2 
# CTH1 
# CTHO 
CMH2 
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ADCH C6H 
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Figures 5a and 5b show the 7 Fig. 5a. 


special function registers 
memory map. 
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Figures 5a and 5b show the 
special function registers 
memory map. 
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FUNCTIONAL DESCRIPTION (continued) 


The internal data RAM contains four register banks (each with eight registers), 128 addressable bits, 
and the stack. The stack depth is limited by the available internal data RAM and its location is deter- 
mined by the 8-bit stack pointer. All registers except the program counter and the four 8-register 
banks reside in the special function register address space. These memory mapped registers include 
arithmetic registers, pointers, 1/O ports, interrupt system registers, ADC and PWM registers, timers 
and serial port registers. There are 128 addressable bit locations in the SFR address space. 


The PCB83C552 contains 256 bytes of internal data RAM and 57 special function registers. It provides 
a non-paged program memory address space to accommodate relocatable code. Conditional branches 
are performed relative to the program counter. The register-indirect jump permits branching relative 

to a 16-bit base register with an offset provided by an 8-bit index register. 16-bit jumps and calls 
permit branching to any location in the contiguous 64 K program memory address space. 


Addressing 
The PCB83C552 has five methods for addressing source operands: 


Register 

Direct 

Register-Indirect 

Immediate 

Base-Register plus Index-Register-Indirect 


The first three methods can be used for addressing destination operands. Most instructions have a 
““destination/source”’ field that specifies the data type, addressing methods and operands involved. 
For operations other than MOVs, the destination operand is also a source operand. 


Access to memory addressing is as follows: 


® Registers in one of the four 8-register banks through Register, Direct, or Register-|Indirect 

@ 256 bytes of internal data RAM through Direct or Register-Indirect. Bytes 0-127 may be addressed 
directly/indirectly. Bytes 128-255 share their address locations with the SFR registers and so may 
only be addressed indirectly as data RAM 

@ Special function registers through Direct at address locations 128-255 

@ External data memory through Register-Indirect 

@ Program memory look-up tables through Base-Register-plus Index-Register-Indirect 


Instruction set 


The PCB83C552 uses a powerful instruction set to allow expansion of on-chip CPU peripherals and 
to optimize byte efficiency and execution speed. Assigned opcodes add new high-power operations 
and permit new addressing modes. The instruction set consists of 49 single-byte, 45 two-byte and 
17 three-byte instructions. When using a 12 MHz oscillator, 64 instructions execute in 1 ws and 

45 instructions execute in 2 us. Multiply and divide instructions execute in 4 us. 


I/O facilities 


The PCB83C552 has six 8-bit ports. Ports 0 - 3 are the same as in the 80C51, with the exception of 
the additional functions of port 1. The parallel !/O function of port 4 is equal to that of ports 1, 2 
and 3. Port 5 has a parallel input port function, but has no function as an output port. Port lines 

P1.7 and P1.6 may be selected as the SDA and SCL lines of serial port S101 (1?C). Because the 1?C 
bus may be active while the device is disconnected from Vpp, these pins are provided with open drain 
drivers. 


N.B. Therefore these pins do not have pull-up devices when used as ports. 
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Single-chip 8-bit microcontroller 


Ports 0, 1, 2, 3, 4 and 5 perform the following alternative functions: 


@ Port 0; provides the multiplexed low-order address and data bus used for expanding the 
PCB83C552 with standard memories and peripherals. 


@ Port 1; port 1 is used for a number of special functions; 


— 4 capture inputs 

— external counter input 

— external counter reset input 

— SCL and SDA for the I*C interface 


Bits whose alternate function is not used may be used as normal bidirectional 1/O pins. 


® Port 2; provides the high-order address bus when expanding the PCB83C552 with external 
program memory and/or external data memory. 


@ Port 3; pins can be configured individually to provide: 


— external interrupt request inputs 

— counter inputs 

— serial port receiver input and transmitter output 

— contro} signals to READ and WRITE external data memory 


The generation or use of a Port 3 pin as an alternative function is carried out automatically by the 
PCB83C552 provided the pin is loaded with a HIGH content. 


@ Port 4; can be configured to provide signals indicating a match between timer counter T2 and 
its compare registers. 


@ Port 5; may be used in conjunction with the A/D converter interface. Unused analogue inputs can 
be used as digital inputs. As port 5 lines may be used as input to the A/D converter, these 
digital inputs have an inherent hysteresis to prevent the input logic from drawing too much 
current from the power lines when driven by analogue signals. 


All ports are bidirectional with the exception of port 5 which is an input port. 


+5V 
strong pull-up 


2 oscillator periods a 


1/O PIN 
PORT 


1,2,3 or 4 


Q 
from port latch 


input data —q——___—_— 7297648 
INPUT 


read port pin —-»——_—___——_- BUFFER 


Fig. 6 1/O buffers in the PCB83C552 (Ports 1, 2, 3 and 4). 
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FUNCTIONAL DESCRIPTION (continued) 

In addition to the standard 8-bit ports, the I/O facilities of the PCB83C552 also include a number of 
specialist |/O lines: 

Pulse width modulated outputs 

Two pulse width modulated output channels are provided with the PCB83C552. These channels output 
pulses of programmable length and interval. The interval length is defined by an 8-bit prescaler PWMP 


which generates the clock for the counter. Both the prescaler and counter are common to both PWM 
channels. The 8-bit counter counts modulo 255 i.e. from O to 254 inclusive. The value of the 8-bit 


- counter is compared to the contents of two registers; PWMO and PWM1. Provided the contents of either 


of these registers is greater than the counter value, the output of PWMON or PWM1N is set LOW. If the 
contents of these registers are equal to, or less than the counter value, the output will be HIGH. The 
pulse-width-ratio is therefore defined by the contents of the registers PWMO and PWM1. The pulse- 
width-ratio is in the range of 0 to 255/255 and may be programmed in increments of 1/255. 


The repetition frequency fpyy, at the PWMNN outputs is given by: 
f z fosc 
PWM © (2 + 2(PWMP) ) x 255 
This gives a repetition frequency range of 92 Hz to 23,5 kHz (foge = 12 MHz). 


By loading the PWM registers with either OOH or FFH, the PWM outputs can be retained at a constant 
HIGH or LOW level respectively. When loading FFH to the PWM registers, the 8-bit counter will never 
actually reach this value. 


Both PWMnN output pins are driven by push-pull drivers, and are not shared with any other function. 
Prescaler frequency control register PWMP 


PWMP | 
FARR EVEAERESREED 


MSB LSB 


Bit Function 
PWMP.0-7 Prescaler.division factor = (PWMP) + 1 


Pulse width registers PWMO and PWM1 


PWMO 

PWM1 

Bit Function 

PWMO.0-7 Low/high ratio of PWMnN signals = —-WMn)_ 
PWM1.0-7 | 255 — (PWMn) 
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Fig. 7 Functional diagram of pulse width modulated outputs. 


Analogue input pins 


The analogue input circuitry consists of an 8-input analogue multiplexer and an A/D converter with 
10 bit resolution. The analogue reference voltage and analogue power supplies are connected via 
separate input pins. The conversion time takes 88 machine cycles i.e. 88 us at 12 MHz oscillator 
frequency. 

The A/D converter is controlled using the ADCON control register. Input channels are selected by the 
analogue multiplexer, care of ADCON register bits 0-2. 


A/D control register ADCON 


ADC1 ADCO ADEX ADCI ADCS AADR2 AADR1 AADRO 


wom = Er Te Te [*f sf? [i] 


Bit Function 

ADCON.7 - ADC1 Bit 1 of ADC converted value 

ADCON.6 - ADCO Bit 0 of ADC converted value 

ADCON.5 - ADEX Enable external start of conversion by STADC 


O = Conversion cannot be started externally by STADC 


1 = Conversion can be started externally by STADC 


ADCON.4 - ADCI ADC interrupt flag: This flag is set when an A/D conversion result is ready to 
be read. An interrupt is invoked if this is enabled. The flag must be cleared by 
software. It cannot be set by software. 
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FUNCTIONAL DESCRIPTION (continued) 

ADCON.3 - ADCS ADC start and status: Setting this bit starts an A/D conversion. It may be set 
by software or by the external signal STADC. The ADC logic ensures that this 
signal is HIGH while the ADC is busy. On completion of the conversion, 
ADCS is reset at the same time the interrupt flag ADC! is set. ADCS can not 
be reset by software. 


a ey en 


OPERATION 


ADC not busy, a conversion can be started 
ADC busy, start of a new conversion is blocked 
Conversion completed, start of a new conversion is blocked 


Not possible 


ADCON.2 - AADR2 | Analogue input select: This binary coded address selects one of the eight 
ADCON.1 - AADRT analogue port bits of P5 to be input to the converter. It can only be changed 
ADCON.0-AADRO ! when ADC! and ADCS are both LOW. 


The completion of the 10-bit A/D conversion is flagged by ADCI in the ADCON register and the result 
is stored in special function register ADCH (upper 8 bits) and the 2 LSBs in register ADCON. 


An A/D conversion in progress is unaffected by an external or software ADC start. The result of a 
completed conversion remains unaffected provided ADSI = logic 1. During as ADCS = logic 7 or 

ADCI = !egic 1, anew ADC START will! be blocked and consequently fost. An A/D conversion already 
in progress is aborted when the IDLE or Power Down mode is entered. The result of a completed 
conversion (ADCI = logic 1) remains unaffected when entering the [DLE mode. 


STADC 
ADC.i —— 7 
ADC.2 __ analogue ref. 
ADC.3 ——~| | ANALOGUE INPUT | 10-BIT A/D 
ADC.4 —-——{ MULTIPLEXER CONVERTER ) : 
ADC.5 =~ analogue supply 
ADC.6 : | 
ADC? - : |" _ analogue ground 


OOOO MORO noe 
e . 


INTERNAL BUS 


errr re 7297641 


Fig. 8 Functiona! diagram of analogue input. 
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Timer/event counters 


The PCB83C552 contains three 16-bit timer/event counters; Timer 0, Timer 1 and Timer T2 and one 
8-bit timer, T3. Timer O and Timer 1 may be programmed to carry out the following functions: 


@ Measure time intervals and pulse durations 
@ Count events 
@ Generate interrupt requests 


Timer O and Timer 1 can be programmed independently to operate in three modes: 


@ Mode 0; 8-bit timer or 8-bit counter each with divide by 32 prescaler 
@ Mode 1; 16-bit time-interval or event counter 
@ Mode 2: 8-bit time-interval or event counter with automatic reload upon overflow 


Timer O can be programmed to operate in an additional mode as follows: 
@ Mode 3; one 8-bit time-interval or event counter and one 8-bit time-interval counter 


When Timer 0 is in Mode 3, Timer 1 can be programmed to operate in Modes 0, 1 or 2 but cannot set 
an interrupt request flag or generate an interrupt. However the overflow from Timer 1 can be used to 
pulse the serial Port transmission-rate generator. 


The frequency handling range of these counters with a 12 MHz crystal is as follows: 


@ In the timer function, the timer is incremented at a frequency of 1 MHz, that is, a division by 12 of 
the oscillator frequency 
@ 0 Hz to an upper limit of 0,5 MHz when programmed for external inputs 


Both internal and external inputs can be gated to the counter by a second external source for directly 
measuring pulse durations. 


The counters are started and stopped under software control. Each one sets its interrupt request flag 
when it overflows from all logic 1s to all logic Os (or automatic reload value), with the exception of 
mode 3 as previously described. 


Timer T2 


Timer T2 is a 16 bit register which has, coupled to it, capture and compare facilities. The operational 
diagram is shown in Fig. 9. 


The 16 bit timer/counter is clocked via a prescaler with a programmable division factor of 1, 2, 4 or 8. 
The input of the prescaler is clocked with 1/12 of the oscillator frequency, or with positive edges on 
the T2 input, or it is switched to the off position. This prescaler is cleared if its division factor or tts 
input source is changed, or if the timer/counter is reset. T2 is readable ‘on the fly’, but posseses no 
extra read latches, this means that software precautions have to be taken against misinterpretation in 
overflow from least to most significant byte during read. T2 is not loadable and is reset by the RST 
signal or at the positive edge of the input signal RT2, is enabled. In the IDLE mode the timer/counter 
and prescaler are reset and halted. 


T2 is connected to four 16-bit capture registers; (CTO), CT1, CT2 and CT3). These registers are loaded 
with the contents of T2 and an interrupt requested upon receipt of the input signals CTOI, CT Ti, CT2I 
or CT31. These input signals are shared with port 1. Using the capture register CTCON, an interrupt/ 
capture on a positive, negative edge or both may be triggered. 
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FUNCTIONAL DESCRIPTION (continued) 


The contents of the compare registers CMO, CM1 and CM2 are continually compared with the counter 
value of Timer T2. When a match is found an interrupt may be invoked. Using the match signal of CMO, 
the controller sets bits 0-5 of port 4, if the corresponding bits of the set enable register STE are logic 1. 


Considering a match with CM1, if the corresponding bits of the reset/toggle enable register RTE are 
logic 1, then the controller will use the match signal to reset bits 0-5 of port 4. Bits 6 and 7 of port 4 
may be ‘toggled’ by the signal that indicates a match between Timer T2 and CM2, again, if the corre- 
sponding bits of RTE are logic 1. CMO, CM1 and CM2 are reset by the RST signal. 


Port 4 can be read and written by software without affecting the toggle, set and reset signals. At byte 
overflow of the least significant byte, or at a 16-bit overflow of the timer/counter, an interrupt sharing 
the same interrupt vector is requested. Either or both of these overflows can be pregialnne? to request. 
an interrupt. 


All interupt flags must be reset by software. 


CTOI INT CT1I INT CT 2! INT CT31 INT 


8—bit overflow 


PY 1/12 0 PRESCALER T2 REGISTER re } 
+ -» 16-bit overflow 


interrupt 


paao : 7 1/O port 4° 


external reset 


enable 
CMO (S) CM1 (R) CM2 (T) 
S = set T2 register address : 
R = reset TML2 = lower 8 bits 7297640 
T = toggle TMH2 = higher 8 bits 


Fig. 9 Block diagram of Timer T2 configuration. 
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Capture control register CTCON 


a [7 je j}sjaf{si2iijo 


MSB LSB 
Bit Capture/interrupt at: 
CTCON.O CTO! positive edge 
CTCON.1 CTOI negative edge 
CTCON.2 CT1I positive edge 
CTCON.3 CT1l negative edge 
CTCON.4 CT2I positive edge 
CTCON.5 CT2! negative edge 
CTCON.6 CT3I positive edge 
CTCON.7 CT3I negative edge 


Counter control register TM2CON 


rwcon = [> To Ts [a [sa [2 [io 


MSB LSB 
Bit Function 
~TM2CON.0 “x’’ MODE SELECT BIT T2CON.0/T2CON.1 
TM2CON.1 “x’’ MODE SELECT BIT 00 = Timer T2 is halted f 
_ Tose 
01 = Timer T2 input source = i 


10 = Test mode, do not use 
11 = Timer T2 input source = pin T2 


TM2CON.2 “x" PRESCALER BIT T2CON.3/T2CON.2 
TM2CON.3 “x” PRESCALER BIT 00 = DIVISION by 1 
01 = DIVISION by 2 
10 = DIVISION by 4 
11 = DIVISION by 8 


TM2CON.4 T2 Byte overflow INT flag 
TM2CON.5 ERT2 switch 

TM2CON.6 Select byte overflow interrupt 
TM2CON.7 Select 16 bit overflow interrupt 


Timer interrupt enable register IEN1 


en 2 EAR wee eee eee 


MSB LSB 

Bit Function 

1EN1.7. “0/1” T2 overflow interrupts disabled/enabled 

IEN1.6 “0/1” interrupt CM2 disabled/enabled 

IEN1.5 “O/1" interrupt CM1 disabled/enabled 

IEN1.4 “0/1” interrupt CMO disabled/enabled 

IEN1.3  “O/1" interrupt CT3 disabled/enabled 

IEN1.2  “O/1” interrupt CT2 disabled/enabled 

IEN1.1 “0/1” interrupt CT1 disabled/enabled 

1EN1.0 “0/1” interrupt CTO disabled/enabled 
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Timer interrupt flag register TM2IR 


MSB LSB 

Bit Function 

TM2IR.7 T2 16-bit overflow interrupt flag 

TM21R.6 CM2 interrupt flag 

TM2IR.5 CM1_ interrupt flag 

TM21R.4 CMO interrupt flag 

TM2IR.3 CT3 interrupt flag 

TM21R.2 CT2 interrupt flag 

TM2IR.1 CT1. interrupt flag 

TM21R.0 CTO interrupt flag 


Interrupt priority register IP1 is used to determine the timer interrupt priority. 
The set enable register STE. 


MSB LSB 
Bit Function 
STE.O ss := P40 is set at match CMO and T2 
STE.1 cee := P41 is set at match CMO and T2 
STE.2 Nodes := P42 is set at match CMO and T2 
STE.3 si bd := P43 is set at match CMO and T2 
STE.4 re := P44 is set at match CMO and T2 
STE.5 ae := P45 is set at match CMO and T2 
STE.6 := not used 
STE.7 := not used 
STE.n "0" -= P4n is not affected by a match 


The reset/toggle enable register RTE. 


me Gelso] 


MSB_ LSB 

Bit Function 

RTE.O “1” := P40 is reset at match CM1 and T2 
RTE.1 oaeo := P41 is reset at match CM1 and T2 
RTE.2 ae hs := P42 is reset at match CM1 and T2 
RTE.3 “1” := P43 is reset at match CM1 and T2 
RTE.4 “1” := P44 is reset at match CM1 and T2 
RTE.5 wie a := P45 is reset at match CM1 and T2 
RTE.6 “1” := P46 toggles at match CM2 and T2 
RTE.7 “1” := P47 toggles at match CM2 and T2 
RTE.n “OQ” := P4n is not affected by a match 
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Fig. 10 Functional diagram of T3 watchdog timer. 


T3 The watchdog timer (see Fig. 10) 


In addition to Timer T2 ana the standard timers, a watchdog timer consisting of an 11-ait prescaler 
and an 8-bit timer are also incorporated. 


The timer is incremented every 2 ms, derived from the oscillator frequency of 12 MHz by the following: 


est ee fosc _ 
timer 12 x 2048 


When a timer overflow occurs, the microcontroller is reset and a reset output pulse is generated at pin 
RST. To prevent a system reset the timer must be reloaded in time by the application software. if the 
processor suffers a hardware/software malfunction, the software will fail to reload the timer. This 
failure will produce a reset upon overflow thus preventing the processor running out of control. 


The watchdog timer can oniy be reloaded if the condition flag WLE = PCON.4 has been previously set 
by software. 


At the moment the counter is loaded the condition flag is automatically cleared. 


The time interval between the timer’s reloading and occurance of a reset, is dependent upon the reioaded 
value. This may range from 2 ms to 0,5 s at an oscillator frequency of 12 MHz. 


In the IDLE state the watchdog timer and reset circuitry remain active. 


The watchdog timer is controlled by the watchdog enabie pin (EWN). A logic 0 enables the watchcag 
timer and disables the Power Down mode. A logic 1 disables and resets the watchdog timer and enabies 
the power-down made. 


ape WAT TUES MEDI LRA ont AB AEH OCH SE EE le AMM SY REMIT SAS EE REM PO eA UR PRET AERA 
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FUNCTIONAL DESCRIPTION (continued) 
Serial 1/O (see Fig. 11) 


The PCB83C552 is equipped with two independent serial ports. SIOO is the full duplex UART port 
and is identical to the serial port of the PCB80C51. 


Serial port S101 supports the !?C bus, the function of which is controlled by the S1CON register. 
SISTA is the status register whose contents may also be used as a vector to various service routines. 
SiDAT is the data shift register and S1ADR the slave address register. 


SLAVE ADDRESS + 


SIADR | 


SHIFT REGISTER |4¢-——> 


S1DAT 


BUS CLOCK GENERATOR 


INTERNAL BUS 


SISTA | 
7297637 


Fig. 11 Block diagram of !?C serial 1/O. 


The I°C serial 1/O has complete autonomy in byte handling and operates in 4 modes: 


1. Master transmitter 
2. Master receiver 

3. Slave transmitter 
4. Slave receiver 


Slave address recognition is performed by hardware. 


The I?C bus consists of two lines; a data line (SDA) and a clock line (SCL). These lines also function as 
the I/O port lines on P1.7 and P1.6. The system is unique because data transport, clock generation, 
address recognition and bus control arbitration are all controlled by hardware. 


Serial control register S1CON 
X ENS! STA STO SI AA CR1 CRO 


oie j7ie{[s}]4¢}3]2{ito 


Bits CR1 and CRO determine the clock frequency that is generated in the master mode of operation. 
Table 1 displays the clock rate when using a 12 MHz crystal. 


PICS EONENSOELD ISLA SIEM CACM ALTO 
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Table 1 Clock state when using a 12 MHz crystal 


12,5 kHz 960 
100 kHz 120 


200 kHz 60 (fos <6 MHz meeting |?C) 

22,5 -0,5 kHz 96 x (256-reload value Timer 1) 
(reload value range: 0-254 
in mode 2) 


AA 


Assert acknowledge bit. When this bit is set, an acknowledge is returned after any one of the following 
conditions: 


— Own slave address is received 

— General call address is received (S1TADR.O = logic 1) 

— A data byte is received, while the device is programmed to be a master receiver 
— A data byte is received, while the device is a selected slave receiver 


When this bit is reset, no acknowledge is returned. Consequently, no interrupt is requested when the 
own address or general call address is received. 


Sl 


S101 interrupt flag. This flag is set, and an interrupt request is generated, after any of the following 
events occur: 


— ASTART condition is generated in MST mode 

— The own siave address has been received during AA = logic 1 

— The general call address has been received while STADR.0 and AA = logic 1 

— A data byte has been received or transmitted in MST mode (even if arbitration is lost) 
— A data byte has been received or transmitted as selected slave 

— ASTOP or START condition is received as selected slave receiver or transmitter 


STO 


STOP flag. When in master mode, and this bit is set a STOP condition is generated. A STOP condition 
detected on the I?C bus clears this bit. This bit may also be set in slave mode in order to recover from 
an error condition. Then no STOP condition is generated to the !7C bus, but the hardware releases the 
SDA and SCL lines and switches to the not selected slave receiver mode. The STOP flag is cleared by 
the hardware. 


STA 


START flag. When this bit is set in slave mode, the hardware checks the !?C bus and generates a START 
condition if the bus is free or after the bus becomes free. If the device operates in master mode it will 
generate a repeated START condition. 
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ENSI 

0 = Serial |/O Disabled and reset. P1.6 and P1.7 I/O port function with open drain 
1 = Serial |/O Enabled. Output ports P1.6 and P1.7 must be set to logic 1 


Serial status register SISTA (S1STA is a read-only register) 


SC4. SC3 SC2 SC1 SCO 0 0 0 
6 3 2 


SISTA EXESESEAER SS 


S1STA.3 - S1STA.7 hold a status code. S1STA.0 - S1STA.2 are held LOW. The contents of the status 
register may be used as a vector to a service routine. This optimizes the response time of the software 
and consequently that of the I?C bus. 

The following is a list of the status codes in decimal representation. The decimal value corresponds to 
the value of the upper five bits of the status register. 


SLA : 7-bit slave address 
R : Read bit 
W : Write bit 
ACK : Acknowledgement (acknowledge bit = logic 0) 
ACK : Not acknowledgement (acknowledge bit = logic 1) 
DATA : 8-bit data byte to or from !?C bus 
MST : Master | 
SLV : Slave 
TRX : Transmitter 
REC : Receiver 
MST/TRX mode 
SISTA value 
1 — ASTART condition has been transmitted 
2 — A repeated START condition has been transmitted 
3 —~ SLA and W have been transmitted, ACK has been received 
4  —SLA and W have been transmitted, ACK received 
5 — DATA of S1DAT has been transmitted, ACK received 
6 — DATA of S1DAT has been transmitted, ACK received 
7 — Arbitration lost in SLA and R/W or DATA 
MST/REC mode 
SISTA value | 
r — Arbitration lost while returning ACK 
8 — SLA and R have been transmitted, ACK received 
9 — SLA and R have been transmitted, ACK received 
10 — DATA has been received, ACK returned 
11 — DATA has been received, ACK returned 
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SLV/REC mode 


S1STA value 

12 — Own SLA and W have been received, ACK returned 

13 — Arbitration lost in SLA and R/W as MST. Own SLA and W have been received, 
ACK returned 

14 — General CALL has been received, ACK returned 

15 — Arbitration lost in SLA and R/W as MST. General call has been received 

16 — Previously addressed with own SLA. DATA byte received, ACK returned 

17 — Previously addressed with own SLA. DATA byte received: ACK returned 

18 — Previously addressed with general call. DATA byte has been received ACK has 
been returned 

19 — Previously addressed with general call. DATA byte has been received, ACK 
has been returned 

20 — A STOP condition or repeated START condition has been received while still 


addressed as SLV/REC or SLV/TRX. 


SLV/TRX mode 


S1STA value 
21 — OwnSLaA and R have been received, ACK returned 
22 — Arbitration lost in SLA and R/W as MST. Own SLA and R have been received, 
ACK returned 
23 — DATA byte has been transmitted, ACK received 
24 — DATA byte has been transmitted, ACK received 
24 — Last DATA byte has been transmitted (AA = logic 0) ACK received 


Miscellaneous 
S1STA value 


00 — Bus error during MST mode or selected SLV mode, due to an erroneous START 
or STOP condition 


The data shift register SIDAT 


S1DAT 7 ie {stats i2iifo | 


This register contains the serial data to be transmitted or data which has just been received. Bit 7 is 
transmitted or received first; i.e. data is shifted from right to left. 


Address register S1ADR 


slave address GC 
S1ADR ace eee eee eee 
S1TADR.O, GC : O = general call address is not recognized 
1 = general call address is recognized 


S1ADR,7-1 : own slave address 


This 8-bit register may be loaded with the 7-bit slave address to which the controller will respond when 
programmed as a slave receiver/transmitter. The LSB bit (GC) is used to determine whether the general 
call address is recognized. 
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Idle and Power-down operation (see Fig. 12) 


Idle mode operation permits the interrupt, serial ports and timer blocks to continue to function while 
the clock to the CPU is halted. The following functions are also switched off when the processor enters 
the IDLE mode. 


Timer T2 (stopped and reset) 
PWMO, PWM1 (reset, output = HIGH) 
ADC (aborted if in progress) 


The following functions remain active during IDLE mode. These functions may generate an interrupt 
or reset and thus end the IDLE mode. 


Timer O, Timer 1 
Timer T3 

S100, S101 
External interrupt 


The Power-down operation freezes the oscillator. The Power-down mode can only be activated by 
setting the PD bit in the PCON register. The PD bit can only be set if the EWN input is HIGH. 


idle mode 


The instruction that sets PCON.O is the last instruction executed in the normal operating mode before 
Idle mode is activated. Once in the Idle mode, the CPU status is preserved in its entirety: the Stack 
Pointer, Program Counter, Program Status Word, Accumulator, RAM and all other registers maintain 
their data during Idle mode. The status of the external pins during Idle mode is shown in Table 2. 


There are two ways to terminate the Idle mode: 


Activation of any enabled interrupt will cause PCON.O to be cleared by hardware terminating Idle mode. 
The interrupt is serviced, and following return from interrupt instruction RETI, the next instruction to 
be executed will be the one which follows the instruction that wrote a logic 1 to PCON.O. 


The flag bits GFO and GF1 may be used to determine whether the interrupt was received during normal 
execution or during the Idle mode. For example, the instruction that writes to PCON.O can also set or 
clear one or both flag bits. When Idle mode is terminated by an interrupt, the service routine can 
examine the status of the flag bits. 


The second way of terminating the Idle mode is with an external hardware reset, or an internal reset 
caused by an overflow of Timer T3. Since the oscillator is still running, the hardware reset is required 
to be active for two machine cycles (24 oscillator periods) to complete the reset operation. 


Power-down mode 


The instruction that sets PCON.1 is the last executed prior to going into the Power-down mode. Once 
in Power-down mode, the oscillator is stopped. Only the contents of the on-chip RAM are preserved. 
The Special Function Registers are not saved. A hardware reset is the only way of exiting the Power- 
down mode. 


In the Power-down mode, Vj)p may be reduced to minimize circuit power consumption. The voltage 
must not be reduced until the Power-down mode is entered, but must be restored before the hardware 
reset is applied which will free the oscillator. Reset should not be released until the oscillator has 
restarted and stabilized. 


The status of the external pins during Power-down mode is shown in Table 2. If the Power-down mode 
is activated while in external program memory, the port data that is held in the Special Function 
Register P2 is restored to Port 2. If the data is a logic 1, the port pin is held HIGH during the Power- 
down mode by the strong pull-up transistor P1 (see Fig. 6). 
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Table 2 Status of external pins during Idle and Power-down modes 


memory ALE PSEN Port O Port 2 Port 3 Port 4 PWIMON/PWM1N 


Idle (1) internal port data port data port data port data port data 


idle (1) external floating port data address port data port data 


1 
1 

Power-down internal 0 port data port data port data port data port data 
0 


Power-down external floating port data port data port data port data 


Power control register (PCON) 


These special modes are activated by software via the Special Function Register PCON. Its hardware 
address is 87H. PCON is not bit addressable. 


PCON SMOD X WLE GF1 GFO PD IDL 
Bit Definition 
SMOD PCON.7 Double Baud rate bit. When set to logic 1 the baud rate is doubled when 


the serial port SIOO is being used in modes 1, 2 or 3 
PCON.6 (reserved) 
PCON.5 (reserved) 


WLE PCON.4 Watchdog load enable; This flag must be set by software prior to 
loading T3 (watchdog timer). It is cleared by loading T3 

GF1 PCON.3 general-purpose flag bit 

GFO PCON.2 general-purpose flag bit 

PD PCON.1 Power-down bit; setting this bit activates power-down mode, can only 
be set if input EWN is logic 1 

IDL PCON.O Idle mode bit; setting this bit activates the idle mode operation 


If logic 1s are written to PD and IDL at the same time, PD takes precedence. The reset value of 
PCON is (OXXOOO000). 


| 
ae te 
a 


XTAL 2 


interrupt serial 
port timer blocks | 


CLOCK 
GENERATOR 


7297649 


Fig. 12 Internal Idle and Power-down clock configuration. 
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Interrupt system (see Fig. 13) 


External events and the real-time-driven on-chip peripherals require service by the CPU asynchronous 
to the execution of any particular section of code. To tie the asynchronous activities of these functions 
to normal program execution a multiple-source, two-priority-level, nested interrupt system is provided. 
Interrupt response latency is from 3 us to 8 ws when using a 12 MHz crystal. The PCB83C552 acknow- 
ledges interrupt requests from fifteen sources as follows: 


@ (NTO and INTT; externally via pins 26 and 27 respectively 

® Timer O and Timer 1; from the two internal counters 

® Timer T2, 8 separate interrupts; 4 capture interrupts, 3 compare interrupts and an overflow interrupt 
@ ADC end-of-conversion interrupt 

@ |°C serial 1/O port interrupt 

@ UART serial !/O port interrupt 


Each interrupt vectors to a separate location in program memory for its service program. Each source 
can be individually enabled or disabled by a corresponding bit in the [EO or IE1 register, moreover each 
interrupt may be programmed to a high or low priority level using a corresponding bit in the IPO or IP1 
register. Also all enabled sources can be globally disabled or enabled. Both external interrupts can be 
programmed to be level-activated or transition-activated; an active LOW level allows ‘‘wire-ORing”’ of 
several interrupt sources to one input pin. 
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Fig. 13 Interrupt system. 
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FUNCTIONAL DESCRIPTION (continued) 


Interrupt enable registers 


[ENO EAD ES1 ESO ET1 EX1 ETO EXO 


Tele TsTs[e [i Te 
Bit Function 
[ENO.7 EA General enable/disable control 


O = No interrupt is enabled 
1 = Any individually enabled interrupt will be accepted 


IENO.6 EAD Enable ADC interrupt 


[ENO.5 ES1 Enable SIO1 I?C interrupt 
IENO.4 ES Enable SIOO (UART) interrupt 
IENO.3 ET 1 Enable Timer 1 interrupt 


IENO.2 EX1 Enable External 1 interrupt 
IENO.1 ETO Enable Timer O interrupt 
!ENO.O EXO Enable External 0 interrupt 


lEN1 ET2 EMC2 EMC1 ECMO ECT3 ECT2 ECT1 ECTO 
2.1 [0 
Bit Function 


IEN1.7 ET2 Enable T2 overflow interrupt(s) 
1EN1.6 ECM2 Enable T2 comparator 2 interrupt 
IEN1.5 ECM1 Enable T2 comparator 1 interrupt 
IEN1.4 ECMO Enable T2 comparator O interrupt 
1EN1.3 ECT3 Enable T2 capture register 3 interrupt 
IEN1.2 ECT2 Enable T2 capture register 2 interrupt 
1EN1.1 ECT 1 Enable T2 capture register 1 interrupt 
IEN1.0 ECTO Enable T2 capture register 0 interrupt 
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Interrupt priority registers 


IPO PAD PS1 PSO PT1 = PX1 TO PXO 
oTeTs[«l*[?]1 1° 
Bit Function 
|PO.7 Unused 
IP0.6 PAD ADC interrupt priority level 
IP0.5 PS1 S101 (I?C) interrupt priority level 
1P0.4 PSO S100 (UART) interrupt priority level 
IPO.3 PT 1 Timer 1 interrupt priority level 
IPO.2 PX1 External interrupt 1 priority level 
IPO.1 PTO Timer O interrupt priority level 
1P0.0 PXO External interrupt O priority level 
IP 1 PT2 PCM2 PCM1 PCMO PCT3 PCT2 PCT1 PCTO 
f7Te[s]«]s[2[i]o_ 
= Bit Function 
a P17 PT2  T2 overflow interrupt(s) priority level 
S IP1.6 PCM2 T2 comparator 2 priority interrupt 
7 IP1.5 PCM1 T2 comparator 1 priority interrupt 
6 IP1.4 PCMO T2 comparator 0 priority interrupt 
S IP1.3 PCT3 T2 capture register 3 priority interrupt 
5 1P1.2 PCT2 T2 capture register 2 priority interrupt 
IP1.1 PCT 1 T2 capture register 1 priority interrupt 
IP1.0 PCTO T2 capture register O priority interrupt 
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Table 3 shows the interrupt vectors. The vector indicates the ROM location where the appropriate 
interrupt service routine starts. 


Table 3 Interrupt vectors 


Source Vector 
External 0 X0 0003H 
Timer 0 overflow TO OOOBH © 
External 1 X1 0013H 
Timer 1 overflow oe 001BH 
Serial 1/O 0 (UART) SO 0023H 
Serial 1/O 1 (1?C) S1 002BH 
T2 capture 0 CTO 0033H 
T2 capture 1 CT1 OOSBH 
T2 capture 2 CT2 0043H 
T2 capture 3 CT3 004BH 
ADC completion ADC 0053H 
T2 compare 0 CMO OO5BH 
T2 compare 1 CM1 0063H 


- T2 compare 2 CM2 OO6BH 
T2 overflow T2 0073H 


Interrupt priority 

Each interrupt source can be provided by software with two priority levels; logic 1 and logic 0. If both 
levels are requested simultaneously, the processor will branch to the logic 1 vector. If there are 
simultaneous requests from sources of the same priority, then interrupts will be serviced in the following 
order: 3 

X0, $1, ADC, TO, CTO, CMO, X1, CT1, CM1, T1, CT2, CM2, SO, CT3, T2 

A logic 0 interrupt routine can be interrupted by a logic 1 interrupt. 
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Oscillator circuitry 


The oscillator circuitry of the PCB83C552 is a single-stage inverting amplifier in a Pierce oscillator 
configuration. The circuitry between XTAL 1 and XTAL 2 is basically an inverter biased to the transfer 
point. Either a crystal or ceramic resonator can be used as the feedback element to complete the 
oscillator circuitry. Both are operated in parallel resonance. XTAL 1 (pin 36) is the high gain amplifier 
input, and XTAL 2 (pin 35) is the output (see Fig. 14). To drive the PCB83C552 externally, XTAL 1 

is driven from an external source and XTAL 2 left open-circuit (see Fig. 15). 


external clock 


(not TTL compatible) aa 


not connected 


C1=C2=20pF 7296599 7296598 


Fig. 14 PCB83C552 oscillator circuit. Fig. 15 Driving the PCB83C552 from an 
external source. 


Reset circuitry (see Fig. 16) 


The reset circuitry for the PCB83C552 is connected to the reset pin RST. A Schmitt trigger is used at 
the input for noise rejection. The output of the Schmitt trigger is sampled by the reset circuitry every 
machine cycle. 


gag 


overflow 
timer 13 


SCHMITT 
TRIGGER 


RESET 
CIRCUITRY 


7296597 


Fig. 16 Reset configuration at RST. 


A reset is accomplished by holding the RST pin HIGH for at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The CPU responds by executing an internal reset. During reset 
ALE and PSEN output a HIGH level. In order to perform a correct reset, this level must not be affected 
by external elements. 


Also with the PCB83C552, the RST line can be pulled HIGH internally by a pull-up transistor activated 


by the watchdog timer T3. The length of the output pulse from T3 is 3 machine cycles. A pulse of such 
short duration is necessary in order to recover from a processor or system fault as fast as possible. 
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FUNCTIONAL DESCRIPTION (continued) 


N.B. It can be seen, that the short reset pulse from Timer T3 cannot discharge the power-on reset 
capacitor (see Fig. 17). Consequently, when the watchdog timer is also used to reset external devices 
this capacitor arrangement should not be connected to the RST pin, and an extra circuit should be 
used to perform the power-on reset operation. It should be remembered that a Timer T3 overflow, 
if enabled, will force a reset condition to the 83C552 by an internal connection, whether the output 


RTS is tied LOW or not. 


The internal reset is executed during the second cycle in which RST is HIGH and is repeated every 
cycle until RST goes LOW. It leaves the internal registers as follows: 


Register 


ACC 

ADCON 
ADCH 

B 
CMLO - CML2 
CMHO - CMH1 
CTCON 
CTLO-CTL3 
CTHO - CTH3 
DPL 


Content 


0000 0000 
XX00 0000 
XXXX XXXX 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
XXXX XXXX 
XXXX XXXX 
0000 0000 
0000 0000 


-1111—=«1111 


XXXX XXXX - 


0000 0000 
- XXXX XXXX 


0000 0000. — 


0000 0000 — 
-X000 0000 
0000 0000 


1111. 1000 
0000 0111 
XX00 0000 


- 0000 0000 


0000 0000 


The internal RAM is not affected by reset. When Vpp is turned on, the RAM content is indeterminate. | 
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Single-chip 8-bit microcontroller 


Power-on reset (see Fig. 17) 


When Vpp is turned on, and provided its rise-time does not exceed 10 ms, an automatic reset can be 
obtained by connecting the RST pin to Vpp via a 10 uF capacitor. When the power is switched on, 
the current drawn by RST is the difference between Vpp and the capacitor voltage, and decreases 
from Vpp as the capacitor charges through the internal resistor (Rast) to ground. The larger the 
capacitor, the more slowly VpcT decreases. VRgT must remain above the lower threshold of the 
Schmitt trigger long enough to effect a complete reset. The time required is the oscillator start-up time, 
plus 2 machine cycles. 


VppD 
Vpp 


10 uF & 
PCB83C552 


PCB80C552 


7297650 


Fig. 17 Power-on reset. 
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INSTRUCTION SET 


Table 4 Instruction set description 


mnemonic 


Arithmetic operations 


ADD 
ADD 
ADD 
ADD 
ADDC 
ADDC 
ADDC 
ADDC 
SUBB 
SUBB 
SUBB 
SUBB 
INC 
INC 
INC 
INC 
DEC 
DEC 
DEC 
DEC 
INC 
MUL 
DIV 
DA 


A,Rr 
A,direct 
A,@Ri 
A,#data 
A,Rr 
A,direct 
A,@Ri 
A,# data 
A,Rr 
A,direct 
A,@Ri 
A,#data 
A 

Rr 
direct 
@Ri 

A 

Rr 
direct 
@Ri 
DPTR 
AB 

AB 

A 
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description 


Add register toA 

Add direct byte to A 

Add indirect RAM to A 

Add immediate data to A 

Add register to A with carry flag 

Add direct byte to A with carry flag 

Add indirect RAM to A with carry flag 
Add immediate data to A with carry flag 
Subtract register from A with borrow 
Subtract direct byte from A with borrow 
Subtract indirect RAM from A with borrow 
Subtract immediate data from A with borrow 
Increment A 

Increment register 

Increment direct byte 

Increment indirect RAM 

Decrement A 

Decrement register 

Decrement direct byte 

Decrement indirect RAM 


Increment data pointer 
Multuply A&B 

Divide A by B 

Decimal adjust A 


bytes/ 
cycles 


1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 


opcode 
(hex.) 


Q* 
25 
26, 27 
24 
3% 
35 
36, 37 
34 
g* 
95 
96, 97 
94 
04 
Q* 
05 
06, 07 
14 
1* 
15 
16, 17 
A3 
A4 
84 
D4 
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ee ce tH AAR Ee EN te ee ett Seen pe he np ern 


mnemonic 


Logic operations 


ANL 
ANL 
ANL 
ANL 
ANL 
ANL 
ORL 
ORL 
ORL 
ORL 
ORL 
ORL 
XRL 
XRL 
XRL 
XRL 
XRL 
XRL 
CLR 
CPL 
RL 
RLC 
RR 
RRC 
SWAP 


A,Rr 

A, direct 
A,@Ri 
A,#data 
direct,A 
direct,# data 
A,Rr 

A, direct 
A,@Ri 
A,#data 
direct, A 
direct,#data 
A,Rr 

A, direct 
A,@Ri 

A,# data 
direct,A 
direct,#data 


A 
A 
A 
A 
A 
A 
A 


description 


AND register to A 

AND direct byte to A 

AND indirect RAM to A 

AND immediate data to A 

AND A to direct byte 

AND immediate data to direct byte 
OR register to A 

OR direct byte to A 

OR indirect RAM toA 

OR immediate data to A 

OR A to direct byte 

OR immediate data to direct byte 
Exclusive-OR register to A 
Exclusive-OR direct byte to A 
Exclusive-OR indirect RAM to A 
Exclusive-OR immediate data to A 
Exclusive-OR A to direct byte 
Exclusive-OR immediate data to direct byte 
Ciear A 

Complement A 

Rotate A left 

Rotate A left through the carry flag 
Rotate A right 

Rotate A right through the carry flag 
Swap nibbles within A 


46, 47 


66, 67 
64 
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mnemonic 


Data transfer 


MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV- 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOVC 
MOVC 


MOVX 


MOVX 


MOVX 


MOVX 
PUSH 
POP 
XCH 
XCH 
XCH 
XCHD 
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A,Rr 
A,direct* * 
A,@Ri 
A,#data 
RrA 
Rr,direct 
Rr,#data 
direct,A 
direct,Rr 
direct,direct 
direct,Q@Ri 
direct,#data 
@Ri,A 
@Ri,direct 
@Ri,#data 


DPTR,#data16 


A,@A+DPTR 
A,@A+PC 
A,QRi 
A,@DPTR 
@Ri,A | 
@DPTR,A 
direct 
direct 

A,Rr 
A,direct 
A,@Ri 
A,@Ri 


INSTRUCTION SET (continued) 


description 


Move register to A 

Move direct byte to A 

Move indirect RAM to A 

Move immediate data to A 
Move A to register 

Move direct byte to register 
Move immediate data to register 
Move A to direct byte 

Move register to direct byte 
Move direct byte to d irect 

Move indirect RAM to direct byte 


~Move immediate data to direct byte 


Move A to indirect RAM 

Move direct byte to indirect RAM 

Move immediate data to indirect RAM 
Load data pointer with a 16-bit constant 


Move code byte relative to DPTR to A 


Move code byte relative to PC toA 

Move external RAM (8-bit address) toA _ 
Move external RAM (16-bit address) to A 
Move A to external RAM (8-bit address) 
Move A to external RAM (16-bit address) 
Push direct byte onto stack | | 

Pop direct byte from stack 

Exchange register with A 

Exchange direct byte with A 

Exchange indirect RAM with A 

Exchange LOW-order digit indirect RAM with A 


** MOV A,ACC is not permitted. 


bytes/ 
cycles 


1 
2 
1 
2 
1 
2 
2 
2 
2 
3 
2 
3 
1 
2 
2 
3 
1 
1 
1 
1 
1 
1. 
2 
2 
1 
2 
1 
1 


= = BA BNNNNNNNNNANANNNN B= ABN BB BS = 


opcode 
(hex.) 


E * 
E5 
E6, E7 


74 


Ee 
AY 
7 
F5 
gt 
85 
86, 87 
75 
F6, F7 
AG, A7 
76,77 
90 
93 
83 


. E2,E3 


EO 


2, F3 


FO 
CO 
DO 
ct 
C5 


C6, C7 
D6, D7 
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Single-chip 8-bit microcontroller 


mnemonic description bytes/ 
cycles 


Boolean variable manipulation 


CLR C Clear carry flag 1 1 C3 
CLR bit Clear direct bit 2 1 C2 
SETB C Set carry flag 1 1 D3 
SETB bit Set direct bit 2 1 D2 
CPL C Complement carry flag 1 1 B3 
CPL bit Complement direct bit 2 1 B2 
ANL — C,bit AND direct bit to carry flag 2 2. 82 
ANL C,/bit AND complement of direct bit to carry flag 2 2. BO 
ORL C,bit OR direct bit ti carry flag 2 “igo - 42 
ORL C,/bit OR complement of direct bit to carry flag 2 2 £4AO 
MOV C,bit Move direct bit to carry flag 2 = 1 A2 
MOV _ bit,C Move carry flag to direct bit 2 2 = 9g92 
< Program and machine control 
< ACALL addr11 Absolute subroutine call 2 2 = @1addr 
E LCALL addr16 Long subroutine call 3: 2 12 
= RET Return from subroutine 1 2 22 
o RET1 Return from interrupt 1 2 32 
nT AJMP = addr11 Absolute jump 2 2. Aladdr 
a LJMP addr16 Long jump 3 2 2 
SJMP rel Short jump (relative address) 2 2 80 
JMP @A+DPTR Jump indirect relative to the DPTR 1 2 73 
JZ rel Jump if A is zero 2 2 60 
JNZ rel Jump if A is not zero 2 2 70 
JC rel Jump if carry flag is set 2 2 £40 
JNC rel Jump is no carry flag 2 2 - 50 
JB bit,rel Jump if direct bit is set 3 2 20 
JNB bit,rel Jump if direct bit is not set 3 2 30 
JBC bit,rel Jump if direct bit is set and clear bit 3 2 10 
CJNE A direct,rel Compare direct to A and jump if not equal 3 2. Bd 
CJNE A,#data,rel Compare immediate to A and jump if not equal 3 2 B4 
CJNE  Rr,#data,rel Compare immediate to reg. and jump if not equal So 2 JB 
CJNE @Ri,#data,rel Compare immediate to ind. and jump if not equal 3 2 B6, B7 
DJNZ  Rr,rel Decrement register and jump if not zero 2 2 D* 
DJNZ = direct,rel Decrement direct and jump if not zero 3: <2: 405 
NOP No operation 1 1 00 
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Notes to Table 4 


Data addressing modes . 
Rr Working register RO-R7. 


direct 128 internal RAM locations and any special function register (SFR). 

@Ri Indirect internal RAM location addressed by register RO or R1 of the 
actual register bank. 

#data 8-bit constant included in instruction. 

#data16 16-bit constant included as bytes 2 and 3 of instruction. 

bit direct addressed bit in internal RAM or SFR. 

addri6 16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere 
within the 64 K-byte program memory address space. 

addr11 11-bit destination address. Used by ACALL and AJMP. The branch will be within 
the same 2 K-byte page of program memory as the first byte of the following 
instruction. | 

rel Signed (two’s complement) 8-bit offset byte. Used by SJMP and all conditional 


jumps. Range is —128 to + 127 bytes relative to first byte of the following instruction. 


Hexadecimal opcode cross-reference to Table 5 
* :8,9,A, B, C, D,E, F. 

@® : 11, 31, 51, 71, 91, B1, D1, F1. 

4 :01, 21, 41, 61, 81, Ai, C1, E1. 
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Table 5 Instruction map 


—h 


ig first hexadecimal character of opcode second hexadecimal character of opcode 


AJMP INC INC @Ri 
page 0 dir 0 
JBC ACALL DEC DEC @Ri 
bit,addr8 page O dir 0 
JB AJMP ADD i 
page 1 A, dir 
ACALL ADDC 
page 1 A,dir 
AJMP 
page 2 
ACALL 
page 2 


AJMP 
page 3 


ACALL | ORL JMP MOV MOV 
page 3 C,bit @A+DPTR A #fdata dir, #data 
SJMP AJMP ANL MOVC 
addr8 page 4 C,bit A,@A+PC 
MOV DPTR,| ACALL | MOV 
#data 16 page 4 bit,C 


= 2 
5 


2 


Op!]Oo Op j;OoO 
Oo 
48]{01}U090191WW 31G-g diyd-ajGuis 


ox 


OV Rr,#data 


OsS/|OCE 


on 
Ww 
ee) 
> 
a 
= 


SWAP XCH XCH A,@Ri 
Vie A dir 0 
OD AAS. DJNZ XCHD A,@Ri 
C dir,addr8 | 0 Zz 

MOVX A,@Ri CLRA MOV MOV A,@Ri OV A.Rr| 
0 1 Adir 0 | 
MOVX @Ri,A CPLA MOV MOV @Ri,A 
0 1 dir,A 0 


= 
O 
< 
© 
3 
on 
® 
om } 
— 
<e) 
oo 
©). 


Os 


a 
cSG008d0d 


CSGGDEB8EOd 


LLé 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Input, output current 
Total power dissipation 
Storage temperature range 


Operating ambient temperature range 


D.C. CHARACTERISTICS 


Vpp = 5 V (+ 10%); Vss = 0 V; Tamb = 0 to + 70 °C; all voltages with respect to Vs unless otherwise 
specified. 


parameter 


Supply voltage 


Supply current 
operating (note 1) 
idle mode (note 2) 


Power-down current 


Inputs (see note 6) 


LOW level input voltage 
(except EA, P1.6/SCL, 
P1.7/SDA) 


LOW level input voltage 
(EA) 

LOW level input voltage 
(P1.6/SCL, P1.7/SDA) 


HIGH level input voltage 
(except XTAL 1, RST, 
P1.6/SCL, P1.7/SDA) 


HIGH level input voltage 
(XTAL 1, RST) 


HIGH level input voltage 
(P1.6/SCL, P1.7/SDA) 


Input current logic O 
(Ports 1, 2,3 and 4; 
except P1.6/SCL, 
P1.7/SDA) 


Input current logic 1 
to O transition 
(Ports 1, 2, 3 and 4; 
except P.1/SCL, 
P1.7/SDA) 


Input leakage current 


(Port 0, EA, STADC, EWN, 


P1.6/SCL, P1.7/SDA) 


November 1986: 


Input voltage on any pin with respect to ground (Vss) Vy —0,5to+7 V 


+l, lo max. 5 mA 
Prot max. 1 W 

T stg —65 to + 150 °C 
Tamb Oto+70 °C 


4,5 5,5 V 


VppD 


tof 


‘DD - mA |feiK = 12 MHz 
DD t 

IPp tbf KA | Vpp = 2 V (note 3) 
VIL 0,2Vpp—9,11 V 

Vi“ 0,2Vpp—2,3} V 

VIL2 1,5 

Vi 0,2Vppt0,9| Vppto,5 

ViH1 0,7Vcc Vppto,5 

Vin2 | 3,0 Vppto,5 

ly 50 

—ITL 500 

+1) 10 MWA |0,45V<Vi<Vpp 
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Single-chip 8-bit microcontroller 


PCB80C552 
Outputs 


LOW level output voltage (note 4) 
(Ports 1, 2,3 and 4; 


except P1.6/SCL, P1.7/SDA) VoL |- 0,45 V |loL = 1,6 mA 
LOW level output voltage (note 4) | 
(Port 0, ALE, PSEN) VoL1 |- 0,45 Vi |loLp=3,2 mA 


LOW level output voltage 
(P1.6/SCL, P1.7/SCL) VoL2 |- 0,4 V 


HIGH level output voltage 
(Ports 1, 2, 3 and 4; 


lol = 3,0 mA 


except P1.6/SCL, P1.7/SDA) Vou | 2,4 — V|—IQy = 80 HA; 
Vpop = 5 V t 10% 

0,75Vpp — V |-loH = 30uA 

0,9VppD — Vi j-loy = 10uA 


HIGH level output voltage (note 5) 
(Port O in external 


Bus mode, ALE, PSEN) Vou | 2.4 ss V |—IQy = 400 pA; 
‘ms Vpp =5 V + 10% 
. 0,/5Vpbp — V 
bas 0,9Vpp ~ V 
iT RST pull-down resistor Rest | 40 125 kQ 
= 1/O pin capacitance Cio — 10 pF | test freq.= 1 MHz; 
wi 
> 
tu 
a) 
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D.C. CHARACTERISTICS (continued) 
Vpp = 5,0 V + 10%; AVoc = OV; Vrcr = 5,0 V; Tamb = —0 OC to + 70 OC unless otherwise specified 


parameter symbol 


Analogue inputs 
Analogue input voltage Avyss—90,2 Ayvppt0,2 


AVss—90,2 — 
— AVppt0,2 


Reference voltage 


Analogue input 
capacitance (note 7) 


Sampling time — 32tcy 
Conversion time 


(including sample time) _ 88tcy 


Differential non-linearity _— + 1,0 


AVREF+ =AVppD 
AVREF— = AVss 


Integral non-linearity 


AVREF+ =AVpp 
AVREF— = AVss 


Offset error 
Gain error 


AV REF supply current 
(note 8) 


Internal resistance 
of analogue source 


Internal resistance 
of analogue reference source Rir max 


Notes to the d.c. characteristics 


1; 


274 


The operating supply current is measured with all output pins disconnected; XTAL 1 driven with 
tp = t¢= 10 ns, Vip = Vsg + 0,5 V, Vin = Vpp —0,5 V; XTAL 2 not connected; 
EA = RST = Port 0= Vpp. 


. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with 


tr = tp= 10ns, ViL= Vsst+0,5 V, VIH = VoD —0,5 V; XTAL 2 not connected; 
EA = Port 0 = Vpp; RST = Vss. 


. The power down current is measured with all output pins disconnected; XTAL 2 not connected; 


EA = Port 0= Vpp; RST = Vss. 


. Capacitive loading on Port O and Port 2 may cause spurious noise pulses to be superimposed on the 


LOW level output voltage of ALE, Port 1 and Port 3. The noise is due to external Bus capacitance 
discharging into the Port O and Port 2 pins when these pins make a 1-to-0 transition during bus 
operations. In the most adverse condition (capacitive loading > 100 pF) the noise pulse on ALE line 
may exceed 0,8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or use an 
address latch with a Schmitt trigger STROBE input. 


. Capacitive loading on Port O and Port 2 may cause the HIGH level output voltage on ALE and PSEN 


to momentarily fall below the 0,9 Vpp specification when the address bits are stabilizing. 


. The input threshold voltage of P1.6 and P1.7 (S101) meets the I?C specification, so an input voltage 


below 1,5 V will be recognized as a logic 0 while an input voltage above 3,0 V will be recognized as a 
logic 1. 


. The internal resistance of the analogue source must be less than the Rjg max to ensure full loading 


of the sample capacitance during sample time. 


. The internal resistance of the analogue reference source must be less than Rir max. 
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A.C. CHARACTERISTICS 


Vpop = 5 V t 10%; Vss = 0 V; Tamb = 0 to + 70 OC; Cy = 100 pF (Port 0, ALE and PSEN); Cy = 80 pF 
(all other outputs); unless otherwise specified (see waveforms Figs 19, 20 and 21) 


10 MHz 12 MHz variable clock 
parameter 


Program memory 7 
ALE pulse duration the 160 | — 127 | — 2tcK—40 | — ns 
Address set-up 

time to ALE tAL 60 | —- 43 | — tcK—40 ~ ns 
Address hold time 

after ALE tLA 65 | — 48 | — tcK—36 _ ns 
Time from ALE to valid 

instruction input triv _ 300 | — 233 | - 4tck-100 | ns | 
Time from ALE to | | 

control pulse PSEN tic 75 | 58 | — teK-25 | - ns | 
Control pulse : 

duration PSEN tcc 265 | — 215 | — StcK—-35 | — ns | 
Time from PSEN to valid | | 

instruction input tciv — 172 le 125 | — 3tcK-—125 | ns | 
Input instruction hold | 

time after PSEN tc| 0 ae 0 a 0 = | ns 
Input instruction float | | 

delay after PSEN* tciF tcK—20 | ns 
Address valid | 

after PSEN* tac - ns 
Address to valid 

instruction input tAIV StcK—-115 | ns 
Address float time 

to PSEN tAFC 0 = ns 


* Interfacing the PCB83C552 to devices with float times up to 75 ns is permitted. This limited bus 
contention will not cause damage to Port 0 drivers. 
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A.C. CHARACTERISTICS (continued) 


parameter 


External data memory 
RD pulse duration 
WR pulse duration 


Address set up time 
to ALE 


Address hold time 
after ALE 


RD to valid data input 
Data hold time after RD 


Data float delay 
after RD 

Time from ALE to 
valid data input 

Address to valid 
data input 

Time from ALE to 


Time from address to 


Primanteoeel reread 


| 
| 
| 
| ROD or W 
Time from RD or WR 
HIGH to ALE HIGH 
Data valid toWR 
transition 
Data set-up time 
before WR 
Data hold time after WR 


| Address float delay 
afterRD 


trR 500 
tww 500 
taL. |= 
tLA 65 
tRD °F 
tor 0 
tDFR oe 
‘LD 5s 
TAD = 
tw 250 
taw ‘| 270 
tWHLH | 60 
tpwx | 40 
tow | 550 
two =| .90 | 
taFR | — 


12. 


1/tcK = 3,5 to 12 MHz (see Fig. 19 and Table 6). 
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400 
400 


250 


variable clock 


min. 


6tcK—100 


6tcK—100 


tcK—35 


3tcK—50 
4tcK—130 


tcK—40 


| teK—60 


1 7tcK—150 


tcK—50 


max. 


— 


5tcK—165 


2tcK—70 
8tcK—150 
9tcK—165 


3tcK +50 


tcK +40 


12 | 


1 unit 


ns 


ns 
ns 


ns 
Ns 


Ns 
Ns 
ns 
Ns 
ns 
ns 
ns. 


ns 


1 ns 


| ns. 


Tons 
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2,0V 2,0V 
2,4V 


0,45V 


test points 


(a) 


2,4V 2,4V 


0,45V 0,45V 


(b) 7287542 


Fig. 18 A.C. testing input, output waveform (a) and float waveform (b). 


A.C. testing inputs are driven at 2,4 V for a logic 1 and 0,45 V for a logic 0. Timing measurements are 
taken at 2,0 V for a logic 1 and 0,8 V for logic 0. The float state is defined as the point at which a 
Port O pin sinks 3,2 mA or sources 400 uA at the voltage test levels. 


7Z87543 


Fig. 19 External clock drive XTAL 1 (see Table 6). 
Table 6 External clock drive XTAL 1 (see Fig. 19) 


variable clock 
(f = 3,5 to 12 MHz) 


parameter symbol pomin, | max. unit 


oscillator clock period 83,3 ns 
HIGH time 20 tcK-tLOW ns 
LOW time 20 tckK-tHIGH ns 
rise time — 20 ns 
fall time — 20 ns 
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A.C. CHARACTERISTICS (continued) 


<— tp (+ ———__ tty ————— 


ALE 


PSEN 


PORT 0 


PORT 2 


ALE 


PSEN 


RD 


PORT 0 


PORT 2 
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<—_—t)c—> 
a tc ¢ — > 


> <«—tarc 
<tia> ‘CIF 
—~|taL «—tojy—_> 


a ere) oe 


—e| toy i< 
<«____—_ taj vy 


¢ ; address AD8 to AD15 or address AD8 to AD15 or 
special function registers (SFR) special function registers (SF R) 


7287549.1 


Fig. 20 Read from program memory. 


—>| tWHLH [*— 


<'tpFR> 
oe AN ee De 0) i a aaa 
(soowas | | Psi 
—>| I«—TtAFR | | 


C| address AD8 to AD15 or special function registers (SFR) 


7Z287550.1 


Fig. 21 Read from data memory. 
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ALE 


PSEN 


PORT 0 


PORT 2 


PCB83C552 
PCB80C552 


(| address AD8 to AD15 or special function registers (SF R) 
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Fig. 22 Write to data memory. 


Purchase of Philip’ 1? C components conveys a license under the 
Philips’ |? C patent to use the components in the |? C-system 
provided the system conforms to the |*C specifications defined 
by Philips. 
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SINGLE-CHIP 8-BIT MICROCONTROLLER 


GENERAL DESCRIPTION 


The PCB83C652 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and 
is a derivative of the PCB80C51 microcontroller family. PCB83C652 has the same instruction set as 
the PCB80C51. Two versions of the derivative exist although the generic term ’’PCB83C652” is used 
to refer to both family members: 


@ PCB80C652: ROM-less version of the PCB83C652 
@ PCB83C652: 8 K bytes mask-programmable ROM, 256 bytes RAM 


This device provides architectural enhancements that make it applicable in a variety of applications, 
in general control systems. 


The PCB83C652 contains a non-volatile 8 K x 8 read-only program memory (not ROM-less version), 
a volatile 256 x 8 read/write data memory; four 8-bit |/O ports; two 16-bit timer/event counters 
(identical to the timers of the 80C51), a multi-source, two-priority-level, nested interrupt structure; 
an |*C interface, UART and on-chip oscillator and timing circuits. For systems that require extra 
capability, the PCB83C652 can be expanded using standard TTL compatible memories and logic. 


The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of over 100 instructions; 44% one-byte, 

41% two-byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 ys 
and 40% in 2 ws. Multiply and divide instructions require 4 us. 


Features 


@ 80C51 central processing unit 

@® 8 K x 8 ROM, expandable externally to 64 K bytes 

@ 256 x 8 RAM, expandable externally to 64 K bytes 

@ Two standard 16-bit timer/counters 

Four 8-bit I/O ports 

|7C bus serial !|/O port with byte orientated master and slave functions 
Full-duplex UART facilities 


PACKAGE OUTLINE 
PCB83C652: 44-lead PLCC; plastic, leaded-chip-carrier (SOT-187A) 
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Fig. 2 Functional diagram. 
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Fig. 3 Pinning diagram for PCB83C652. 
PINNING 
2-9 P1.0-P1.7 Port 1: 8-bit quasi-bidirectional |/O port. Port 1 can sink/source one 
TTL (=4 LS TTL) input. 
It can drive CMOS inputs without external pull-ups, except P1.6 and P1.7 
which have open drain outputs. 
Port pin Alternative function 
P1.6 SCL: 1*C-bus serial port clock line 
P1.7 SDA: |*C-bus serial port data line 
10 RST: a high level on this pin for two machine cycles while the oscillator 


is running resets the device. An internal pull-down permits Power-On reset 
using only a capacitor connected to Vpp. 
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Port 3: 8-bit quasi-bidirectional |/O port with internal pull-ups. It also 
serves the following alternative functions: 


Port pin Alternative function 

P3.0 RXD/data: serial port receiver data input (asynchronous) 
or data input/output (synchronous) 

P3.1 TXD/clock: serial port transmitter data output 
(asynchronous) or clock output (synchronous) 

P3.2 INTO: external interrupt O or gate control input for 
timer/event counter 0 

P3.3 INT1: external interrupt 1 or gate control input for 
timer/event counter 1 

P3.4 TO: external input for timer/event counter O 

P3.5 T1: external input for timer/event counter 1 

P3.6 WR: external data memory write strobe 

P3.7 RD: external data memory read strobe 


Operation of an alternative function is determined by the relevant output 
latch programmed to logic 1. Port 3 can sink/source one TTL (= 4 LSTTL) 
input. It can drive CMOS inputs without external pull-ups. 


Crystal input 2: output of the inverting amplifier that forms the oscillator. 
Left open-circuit when an external oscillator clock is used (see Figs 10 and 
11). 


Crystal input 1: input to the inverting amplifier that forms the oscillator, 
and input to the internal clock generator. Receives the external oscillator 
clock signal when an external oscillator is used (see Figs 10 and 11). 


Ground: circuit ground potential. 


Port 2: 8-bit quasi-bidirectional |/O port with internal pull-ups. During 
access to external memories (RAM/ROM) that use 16-bit addresses 
(MOVX @DPTR) Port 2 emits the high order address byte. When external 
RAM is accessed with an 8-bit address (MOV X @Ri) Port 2 emits the 
contents of the P2 special function register. Port 2 can sink/source one 
TTL (=4 LSTTL) input. It can drive CMOS inputs without external 
pull-ups. 

Program Store Enable output: read strobe to the external Program Memory 
via port O and 2. It is activated twice each machine cycle during fetches 
from external Program Memory. When executing out of external Program 
Memory two activations of PSEN are skipped during each access to 
external Data Memory. PSEN is not activated (remains HIGH) during no 
fetches from external Program Memory. PSEN can sink/source 8 LS TTL 
inputs. It can drive CMOS inputs without an external pull-up. 


Address Latch Enable output: latches the low byte of the address during 
accesses to external memory in normal operation. It is activated every 
six oscillator periods except during an external data memory access. ALE 
can sink/source 8 LS TTL inputs. It can drive CMOS inputs without an 
external pull-up. 
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PINNING (continued) 

35 EA External Access input: When EA is held at a TTL high level the CPU 
executes out of the internal Program Memory (ROM) provided the program 
counter is less than 8192. When EA is held at a TTL low level, the CPU 
executes out of external Program Memory via port 0 and port 2. EA is not 
allowed to float. 

36-43 PO.7-P0.0 Port 0: 8-bit open drain bidirectional 1/O port. It is also the multiplexed 
low-order address and data bus during accesses to external memory (during 
these accesses it activates internal pull-ups). Port O can sink/source eight 
LSTTL inputs. 

44 VDD Power supply: +5 V power supply pin during normal operation, Idle mode 
and Power Down mode. 

At power-on, the voltage on any pin at any time must not be higher or lower than Vpp + 0,5 V or 

Vss — 0,5 V respectively. 
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Single-chip 8-bit microcontroller 


FUNCTIONAL DESCRIPTION 


General 


The PCB83C652 is a stand-alone high-performance microcontroller designed for use in real-time 
applications such as instrumentation and industrial control. 


The device provides, in addition to the 80C51 standard functions, a serial |7C bus interface. As well 
as the parallel bus, functions may also be expanded using the |*C bus utilizing the complete line of 
the 1?C clips family. 


The PCB83C652 is a control-oriented CPU with on-chip program and data memory. It can be extended 
with external program and data memory up to 64 K bytes. For systems requiring extra capability, the 
PCB83C652 can be expanded using standard memories and peripherals. 


The PCB83C652 has two software selectable modes of reduced activity for further power reduction 
— Idle and Power Down. The Idle mode freezes the CPU while allowing the RAM, timers, serial 
ports and interrupt system to continue functioning. The Power Down mode saves the RAM contents 
but freezes the oscillator causing all other chip functions to be inoperative. 


Memory organization 


The central processing unit (CPU) manipulates operands in three memory spaces; these are the 

64 K-byte external data memory, 256-byte internal data memory and the 64 K-byte internal and 
external program memory. The internal data memory address space is sub-divided into the 256-byte 
internal data RAM and 128-byte Special Function Register (SFR) address spaces, as shown in Fig. 4. 
Figure 5 shows the Special Function Register memory map. Internal RAM locations 0-127 are directly 
and indirectly addressable. Internal RAM locations 128-255 are only indirectly addressable as internal 
data RAM. The special function register locations 128-255 are only directly addressable. 


64K 
64K 
EXTERNAL 
8192 
8191 | OVERLAPPED 
ra SPACE 
INTERNAL EXTER 
TE SERIAL Ty 3.2007) SPECIAL 
(EA = 1) (EA = 0) | FUNCTION 
REGISTERS 
INTERNAL 
DATA RAM 
0 e , 0 
Nee ee Moe 
PROGRAM MEMORY INTERNAL EXTERNAL 
DATA MEMORY DATA 
FECOAES MEMORY 


Fig. 4 Memory map. 
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Fig. 5 Special function registers memory map. 
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FUNCTIONAL DESCRIPTION (continued) 


The internal data RAM contains four register banks (each with eight registers), 128 addressable bits, 
and the stack. The stack depth is limited by the available internal data RAM and its location is 
determined by the 8-bit stack pointer. All registers except the program counter and the four 8-register 
banks reside in the special function register address space. These memory mapped registers include 
arithmetic registers, pointers, |/O ports, interrupt system registers, timers and serial port registers. 
There are 128 addressable bit locations in the SFR address space. 


The PCB83C652 contains 256 bytes of internal data RAM and 24 special function registers. It provides 
a non-paged program memory address space to accommodate relocatable code. Conditional branches 
are performed relative to the program counter. The register-indirect jump permits branching relative to 
a 16-bit base register with an offset provided by an 8-bit index register. 16-bit jumps and calls permit 
branching to any location in the contiguous 64 K program memory address space. 


Addressing 
The PCB83C652 has five methods for addressing source operands: 


@ Register. 

® Direct. 

@ Register-Indirect. 

® Immediate. 

@ Base-Register plus Index-Register-|Indirect. 


The first three methods can be used for addressing destination operands. Most instructions have a 
“destination/source” field that specifies the data type, addressing methods and operands involved. 
For operations other than MOVs, the destination operand is also a source operand. 


Access to memory addressing is as follows: 


@ Registers in one of the four 8-register banks through Register, Direct, or Register-|ndirect. 

@ 256 bytes of internal data RAM through Direct or Register-Indirect. Bytes 0-127 may be addressed 
directly/indirectly. Bytes 128-255 share their address locations with the SFR registers and so 
may only be addressed indirectly as data RAM. 

@ Special function registers through Direct at address locations 128-255. 

@ External data memory through Register-Indirect. 

@ Program memory !fook-up tables through Base-Register plus Index-Register-Indirect. 


The PCB83C652 is classified as an 8-bit device since the internal ROM, RAM, Special Function 
Registers (SFR), Arithmetic Logic Unit (ALU), and external data bus are each 8-bits wide. It performs 
operations on bit, nibble, byte and double-byte data types. 

Facilities are available for byte transfer, logic, and integer arithmetic operations. Data transfer, logic, 
and conditional branch operations can be performed directly on Boolean variables to provide excellent 
bit handling. 


Instruction set 


The PCB83C652 uses a powerful instruction set to allow expansion of on-chip CPU peripherals and 
to optimize byte efficiency and execution speed. Assigned opcodes add new high-power operations 
and permit new addressing modes. The instruction set consists of 49 single-byte, 45 two-byte and 
17 three-byte instructions. When using a 12 MHz oscillator, 64 instructions execute in 1 us and 45 
instructions execute in 2 us. Multiply and divide instructions execute in 4 ws. 
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FUNCTIONAL DESCRIPTION (continued) 


1/O facilities 


The PCB83C652 has four 8-bit ports. Ports 0-3 are the same as in the 80C51, with the exception of 
the additional functions of port 1. Port lines P1.7 and P1.6 may be selected as the SDA and SCL lines. 
of serial port SIO1 (I7C). Because the |*C bus may be active while the device is disconnected from 
Vpp, these pins are provided with open drain drivers. 


N.B. Therefore these pins do not have pull-up devices when used as ports. 
Ports 0, 1, 2 and 3 perform the following alternative functions: 


® Port 0; provides the multiplexed low-order address and data bus used for expanding the PCB83C652 
with standard memories and peripherals. 7 


@ Port 1; Port 1 is partly used for the |*C bus functions; 
— SCL and SDA for the |?C interface, P1.6 and P1.7 respectively. 
Bits whose alternate function is not used may be used as normal bidirectional |/O pins. 


e@ Port 2; provides the high-order address bus when expanding the PCB83C652 with external program 
memory and/or external data memory. 


@ Port 3; pins can be configured individually to provide: 


external interrupt request inputs 

counter inputs Bae 

serial port receiver input and transmitter output 

— control signals to READ and WRITE external data memory 


The generation or use of a Port 3 pin as an alternative function is carried out automatically by the 
PCB83C652 provided the pin is loaded with a HIGH content. . : 


strong pull-up 


2 oscillator periods 


1/O PIN 
PORT 
1,2&3 

Q 
from port latch 


7280799 


input data —q«——__———_—_- 


INPUT 


read port pin BUFFER 


Fig. 6 |/O buffers in the PCB83C652 (Ports 1, 2 and 3). 
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Timer/event counters 


The PCB83C652 contains two 16-bit timer/event counters; Timer 0 and Timer 1. Timer O and Timer 1 
may be programmed to carry out the following functions: 


@ Measure time intervals and pulse durations 
® Count events 
@ Generate interrupt requests. 


Timer O and Timer 1 can be programmed independently to operate in three modes: 


@ Mode 0; 8-bit timer or 8-bit counter each with divide by 32 prescaler 

® Mode 1; 16-bit time-interval or event counter 

® Mode 2; 8-bit time-interval or event counter with automatic reload upon overflow. 

Timer O can be programmed to operate in an additional mode as follows: 

@ Mode 3; one 8-bit time-interval or event counter and one 8-bit time-interval counter. 

When Timer 0 is in Mode 3, Timer 1 can be programmed to operate in Modes O, 1 or 2 but cannot 

set an interrupt request flag or generate an interrupt. However the overflow from Timer 1 can be used 
to pulse the serial Port transmission-rate generator. 

The frequency handling range of these counters with a 12 MHz crystal is as follows: 


@ {in the timer function, the timer is incremented at a frequency of 1 MHz, that is, a division by 12 of 
the oscillator frequency 
@ 0 Hz to an upper limit of 0,5 MHz when programmed for external inputs. 


Both internal and external inputs can be gated to the counter by a second external source for directly 
measuring pulse durations. 


The counters are started and stopped under software control. Each one sets its interrupt request flag 
when it overflows from all logic 1s to all logic Os (or automatic reload value), with the exception of 
mode 3 as previously described. 


Serial 1/O (see Fig. 7) 


The PCB83C652 is equipped with two independent serial ports. SIOO is the full duplex UART port 
and is identical to the serial port of the PCB80C51. 


Serial port S1O1 supports the |*C bus, the function of which is controlled by the S1CON register. 
SISTA is the status register whose contents may also be used as a vector to various service routines. 
S1DAT is the data shift register and S1ADR the slave address register. 
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FUNCTIONAL DESCRIPTION (continued) 
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Fig. 7 Block diagram of |*C serial 1/O. 


The |*C serial 1/O has complete autonomy in byte handling and operates in 4 modes: 


1. Master transmitter 
2. Master receiver 

3. Slave transmitter 
4. Slave receiver 


Slave address recognition is performed by hardware. 


The |?C bus consists of two lines; a data line (SDA) and a clock line (SCL). These lines also function 
as the 1/O port lines on P1.7 and P1.6. The system is unique because data transport, clock generation, 
address recognition and bus control arbitration are all controlled by hardware. 


Serial control register S1CON 
X ENS!| STA STO _ SI AA CR1- CRO 


Bits CR1 and CRO determine the clock frequency that is generated in the master mode of operation. 
Table 1 displays the clock rate when using a 12 MHz crystal. 


Table 1 Clock rate when using a 12 MHz crystal 


bit frequency 


| CR1/CRO fose divided by 


12,5 kHz 960 

100 kHz 120 

200 kHz 60 (fosc < 6 MHz meeting |*C) 
62,5—0,5 kHz 96 x (256-reload value Timer 1) 


(reload value range: 0-254 in mode 2) 
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AA 


Assert acknowledge bit. When this bit is set, an acknowledge is returned after any one of the following 
conditions: 


— Quwn slave address is received 

— General call address is received (S1TADR.O = logic 1) 

— A data byte is received, while the device is programmed to be a master receiver 
— A data byte is received, while the device is a selected slave receiver. 


When this bit is reset, no acknowledge is returned. Consequently, no interrupt is requested when the 
own address or general call address is received. 


SI 


SIO1 interrupt flag. This flag is set, and an interrupt request is generated, after any of the following 
events occur: 


— ASTART condition is generated in MST mode 

— The own slave address has been received during AA = logic 1 

— The general call address has been received while S1ADR.O and AA = logic 1 

— A data byte has been received or transmitted in MST mode (even if arbitration is lost) 
— A data byte has been received or transmitted as selected slave 

— ASTOP or START condition is received as selected slave Rx or Tx. 


STO 


STOP flag. When in master mode,and this bit is set a STOP condition is generated. A STOP condition 
detected on the |7C bus clears this bit. This bit may also be set in slave mode in order to recover from 
an error condition. Then no STOP condition is generated to the |*C bus, but the hardware releases 

the SDA and SCL lines and switches to the not selected slave receiver mode. The STOP flag is cleared 


_ by the hardware. 


STA 


START flag. When this bit is set, the hardware checks the |*C bus and generates aSTART condition 
if the bus is free. If the device is already programmed as either master/transmitter or master/receiver, 
it will generate a repeated START condition. 


ENSI 
O = Serial !/O Disabled and reset. P1.6 and P1.7 I/O port function with open drain 
1 = Serial |/O Enabled. Output ports P1.6 and P1.7 must be set to logic 1. 
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Serial status register SISTA 


sC4 SC3 SC2 SC1 SCO 0 0 0 


wm (r[e[*]«[s]e]s] 0 


S1STA.3 - S1STA.7 hold a status code. S1STA.0 - S1STA.2 are held LOW. The contents of the status 
register may be used as a vector to a service routine. This optimizes the response time of the software 
and consequently that of the |7C bus. 


The following is a list of the status codes in decimal representation. The decimal value corresponds to 
the value of the upper five bits of the status register. 


SLA : 7-bit slave address 


R : Read bit 

W : Write bit 

ACK : Acknowledgement (acknowledge bit = logic 0) 
ACK — : Not acknowledgement (acknowledge bit = logic 1) 


DATA _ : 8-bit data byte to or from 1?C bus 
MST : Master 

SLV : Slave 

TRX : Transmitter 

REC : Receiver 


MST/TRX mode 
S1STA value 


1 - ASTART condition has been transmitted 
2 - A repeated START condition has been transmitted 
3 - SLA and W have been transmitted, ACK has been received 
4 - SLA and W have been transmitted, ACK received 
5 DATA of S1DAT has been transmitted, ACK received 
6 DATA of S1DAT has been transmitted, ACK received 
7 Arbitration lost in SLA and R/W or DATA 
MST/REC mode 
SISTA value , 
7 _-- Arbitration lost while returning ACK 
8  - SLA and R have been transmitted, ACK received 
9  - SLA and R have been transmitted, ACK received 
10 — DATA has been received, ACK returned 
11. - DATA has been received, ACK returned 
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SLV/REC mode 


S1STA value 

12 - Own SLA and W have been received, ACK returned 

13 - Arbitration lost in SLA and R/W as MST. Own SLA and W have been received, ACK 
returned 

14 - General CALL has been received, ACK returned 

15 - Arbitration lost in SLA and R/W as MST. General call has been received 

16 - Previously addressed with own SLA. DATA byte received, ACK returned 

Le - Previously addressed with own SLA. DATA byte received, ACK returned 

18 - Previously addressed with general call. DATA byte has been received, ACK has been 
returned 

19 - Previously addressed with general call. DATA byte has been received, ACK has been 
returned 

20 - A STOP condition or repeated START condition has been received while still addressed 


as SLV/REC or SLV/TRX. 


SLV/TRX mode 


S1STA value 
21 - Own SLA and R have been received, ACK returned 
22 - Arbitration lost in SLA and R/W as MST. Own SLA and R have been received, ACK 
returned 
23 - DATA byte has been transmitted, ACK received 
24 - DATA byte has been transmitted, ACK received 
25 - Last DATA byte has been transmitted (AA = logic 0), ACK received 


Miscellaneous 
S1STA value 


00 - Bus error during MST mode or selected SLV mode, due to an erroneous START or STOP 
condition. 


The data shift register SIDAT 


This register contains the serial data to be transmitted or data which has just been received. Bit 7 is 
transmitted or received first; i.e. data is shifted from right to left. 


Address register STIADR 


slave address GC 


S1ADR 


S1ADR.0O, GC : O= general call address is not recognized 
1 = general call address is recognized 


S1ADR,7-1 : own slave address 


This 8-bit register may be loaded with the 7-bit slave address to which the controller will respond when 
programmed as a slave receiver/transmitter. The LSB bit (GC) is used to determine whether the general 
call address is recognized. 


November 1986 295 


PCB83C652 
PCB80C652 


FUNCTIONAL DESCRIPTION (continued) 


Idle and Power-down operation (see Fig. 8) 
Idle mode operation permits the interrupt, serial ports and timer blocks to continue to function while 
the clock to the CPU is halted. 


The: following functions remain active during IDLE mode. These functions may generate an interrupt 
or reset and thus end the IDLE mode: 


Timer O, Timer 1 
S100, SIO1 
External interrupt 


The Power-down operation freezes the oscillator. The Power-down mode can only be activated by 
setting the PD bit in the PCON register. 


I 
| ne aa 
== 
por he 


XTAL2 


interrupt serial 
port timer blocks 


CLOCK 
GENERATOR 


7280800 


Fig. 8 Internal Idle and Power-down clock configuration. 


Power control register (PCON) 


These special modes are activated by software via the Special Function Register PCON. Its hardware 
address is 87H. PCON is not bit addressable. 


PCON 
SMOD XK X X GF1 GFO PD IDL 


p72 [e|s|afs fe [a 
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Bit Definition 
SMOD PCON.7 Double Baud rate bit. When set to logic 1 the baud rate is doubled if the 
serial port SIOO is being used in modes 1, 2 or 3. 
PCON.6 (reserved) 
PCON.5 (reserved) 
PCON.4 (reserved) 


GF1 PCON.3 general-purpose flag bit 

GFO PCON.2 general-purpose flag bit 

PD PCON.1 Power-down bit; setting this bit activates power-down mode 
IDL PCON.O Idle mode bit; setting this bit activates the idle mode operation. 


If logic 1s are written to PD and IDL at the same time, PD takes precedence. The reset value of PCON 
is (OXXO0000). | 


Idle mode 


The instruction that sets PCON.Q is the last instruction executed in the normal operating mode before 
Idle mode is activated. Once in the Idle mode, the CPU status is preserved in its entirety: the Stack 
Pointer,-Program Counter, Program Status Word, Accumulator, RAM and all other registers maintain 
their data during Idle mode. The status of the external pins during Idle mode is shown in Table 2. 


There are two ways to terminate the Idle mode: 


Activation of any enabled interrupt will cause PCON.O to be cleared by hardware terminating Idle 
mode. The interrupt is serviced, and following return from interrupt instruction RETI, the next 
instruction to be executed will be the one which follows the instruction that wrote a logic 1 to 
PCON.O. 


The flag bits GFO and GF1 may be used to determine whether the interrupt was received during 
normal execution or during the Idle mode. For example, the instruction that writes to PCON.O can 
also set or clear one or both flag bits. When Idle mode is terminated by an interrupt, the service 
routine can examine the status of the flags bits. 


The second way of terminating the Idle mode is with an external hardware reset. Since the oscillator 
is still running, the hardware reset is required to be active for two machine cycles (24 oscillator 
periods) to complete the reset operation. : 


Power-down mode 


The instruction that sets PCON.1 is the last executed prior to going into the Power-down mode. Once 
in Power-down mode, the oscillator is stopped. Only the contents of the on-chip RAM are preserved. 

The Special Function Registers are not saved. A hardware reset is the only way of exiting the Power- 

-down mode. 


In the Power-down mode, Vpp may be reduced to minimize circuit power consumption. The voltage 
must not be reduced until the Power-down mode is entered, but must be restored before the hardware 
reset is applied which will free the oscillator. Reset should not be released until the oscillator has 
restarted and stabilized. 


The status of the external pins during Power-down mode is shown in Table 2. |f the Power-down mode 
is activated while in external program memory, the port data that is held in the Special Function 
Register P2 is restored to Port 2. If the data is a logic 1, the port pin is held HIGH during the Power- 
-down mode by the strong pull-up transistor p1 (see Fig. 6). 
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FUNCTIONAL DESCRIPTION (continued) 


Table 2 Status of the external pins during Idle and Power-down modes. 


memory ALE PSEN Port 0 Port 1 Port 3 
Idle internal 1 1 port data | portdata | portdata | port data 
Idle external 1 1 floating port data | address port data 
Power-down | internal 0 0 port data | port data | port data | port data 
Power-down | external 0 0 floating port data | portdata | port data 


Note: Port 1.7 and 1.6 if selected, function as SDA and SCL respectively in the IDLE mode. 


Interrupt system (see Fig. 9) 


External events and the real-time-driven on-chip peripherals require service by the CPU asynchronous 
to the execution of any particular section of code. To tie the asynchronous activities of these functions 
to normal program execution a multiple-source, two-priority-level, nested interrupt system is provided. 
Interrupt response latency is from 3 us to 8 us when using a 12 MHz crystal. The PCB83C652 
acknowledges interrupt requests from six sources as follows: 


@ INTO and INT1; externally via pins 14 and 15 respectively 
© Timer O and Timer 1;-from the two internal counters 

@ |*C serial |/O interrupt 

@ UART serial !/O port interrupt 


Each interrupt vectors to a separate location in program memory for its service program. Each source 
can be individually enabled or disabled by a corresponding bit in the IE register, moreover each 
interrupt may be programmed to a high or low priority level using a corresponding bit in the IP 
register. Also all enabled sources can be globally disabled or enabled. Both external interrupts can 

be programmed to be level-activated or transition-activated, and an active LOW level! allows “wire- 
-ORing” of several interrupt sources to the input pin. 
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Fig.9 Interrupt system. 
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FUNCTIONAL DESCRIPTION (continued) 


Interrupt enable register 


IE 
EA — ES1 ESO ET1 EX1 ETO EXO 
‘7tefs {a |s fe fs fol 
Bit Function 
1E.7 EA General enable/disable control 
0 = No interrupt is enabled 
1 = Any individually enabled interrupt will be accepted 
1E.6 — Unused 
[E.5 ES1 Enable S101 I?C interrupt 
1E.4 ESO Enable SIOO (UART) interrupt 
1E.3 ET1 Enable Timer 1 interrupt 
1E.2 EX1 Enable External 1 interrupt 
1E.1 ETO Enable Timer 0 interrupt 
1E.0 EXO Enable External 0 interrupt 


[Interrupt priority register 


IP 
X X PS1 PSO PT 1 PX1 PTO PXO 
7 tets js fs [2 |i fo 

Bit Function 

1P.7 — Unused 

IP.6 — Unused 

IP.5 PS1 S101 (1?C) interrupt priority level 

1P.4 ~ PSO Si00 (UART) interrupt priority level 

IP.3 PT 1 Timer 1 interrupt priority level 

IP.2 PX1 External interrupt 1 priority level 

IP.1 PTO Timer 0 interrupt priority level 

IP.O PX0O External interrupt 0 priority level 
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Table 3 shows the interrupt vectors. The vector indicates the ROM location where the appropriate 
interrupt reduce routine starts. 


Table 3 Interrupt vectors 


Source 


External 0 


Timer O overflow 


External 1 . XI 0013H 
Timer 1 overflow T1 001BH 
Serial |/O 0 (UART) SO 0023H 


Serial 1/O 1 (1?7C) 


Interrupt priority 


Each interrupt source can be provided by software with two priority levels; logic 1 and logic 0. If both 
levels are requested simultaneously, the processor will branch to the level logic 1 vector. If there are 
simultaneous requests from sources of the same priority, then interrupts will be serviced in the following 
order: 


X0, S1, TO, X1, T1, SO 
A logic 0 interrupt routine can be interrupted by a logic 1 interrupt. 


Oscillator circuitry 


The oscillator circuitry of the PCB83C652 is a single-stage inverting amplifier in a Pierce oscillator 
configuration. The circuitry between XTAL 1 and XTAL 2 is basically an inverter biased to the transfer 
point. Either a crystal or ceramic resonator can be used as the feedback element to complete the 
oscillator circuitry. Both are operated in parallel resonance. XTAL 1 (pin 21) is the high gain amplifier 
input, and XTAL 2 (pin 20) is the output (see Fig. 10). To drive the PCB83C652 externally, XTAL 1 

is driven from an external source and XTAL 2 left open-circuit (see Fig. 11). 


external clock 
(not TTL compatible) 


21 


not connected 


C1=C2=+ 20pF 


7Z96666 7296664 


Fig. 10 PCB83C652 oscillator circuit. Fig. 11 Driving the PCB83C652 from 
an external source. 
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FUNCTIONAL DESCRIPTION (continued) 


Reset circuitry (see Fig. 12) 


The reset circuitry for the PCB83C652 is connected to the reset pin RST. A Schmitt trigger is used at 
the input for noise rejection. The output of the Schmitt trigger is sampled by the reset circuitry every 
machine cycle. 


SCHMITT 
TRIGGER 


RESET 
CIRCUITRY 


7280801 


Fig. 12 Reset configuration at RST. 


A reset is accomplished by holding the RST pin HIGH for at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The CPU responds by executing an internal reset. During 
reset ALE and PSEN output a HIGH level. In order to perform a correct reset, this level must not be 
affected by external elements. 


The internal reset is executed during the second cycle in which RST is HIGH and is repeated every 
cycle until RST goes LOW. It leaves the internal registers as follows: 


Register Content 
ACC 0000 0000 
B 0000 0000 
DPL 0000 0000 
DPH 0000 0000 
IE 0X00 0000 
IP X X00 0000 
PCH 0000 0000 
PCL 0000 0000 
PCON OXXX 0000 
PSW 0000 0000 
PO - P3 11111111 
SOBUF XXXXK XXXX 
SOCON 0000 0000 
S1ADR 0000 0000 
S1CON X000 0000 
S1DAT 0000 0000 
SISTA - 1111 1000 
SP 0000 0111 
TCON 0000 0000 
THO, TH1 0000 0000 
TLO, TL1 0000 0000 
TMOD 0000 0000 


The internal RAM is not affected by reset. When Vpp is turned on, the RAM content is indeterminate. 
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Power-on reset (see Fig. 13) 


When Vpp is turned on an automatic reset can be obtained by connecting the RST pin to Vpp via 

a 10 uF capacitor. When the power is switched on, the current drawn by RST is the difference between 
VDD and the capacitor voltage, and decreases from Vpp as the capacitor charges through the internal 
resistor (RRST) to ground. The larger the capacitor, the more slowly VRsT decreases. VRST must 
remain above the lower threshold of the Schmitt trigger long enough to effect a complete reset. The 
time required is the oscillator start-up time, plus 2 machine cycles. 


VppD 


PCB83C652 
PCB80C652 


7Z96665 


Fig. 13 Power-on reset. 
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INSTRUCTION SET 


Table 4 Instruction set description 


mnemonic 


Arithmetic operations 
ADD A,Rr 
ADD -: A,direct 
ADD A,@QRi 
ADD A,#data 
ADDC A,Rr 
ADDC A,direct 
| ADDC A,@Ri 
ADDC A,#data 
SUBB A,Rr 
SUBB A,direct 
SUBB A,QRi 
SUBB A,#data 
INC A 

INC Rr 

INC direct 
INC @Ri-: 
DEC A 

DEC Rr 

DEC direct 
DEC @Ri 
INC DPTR 
MUL AB 
DIV AB 

DA A 
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description 


Add register to A 

Add direct byte to A 

Add indirect RAM to A 

Add immediate data to A 

Add register to A with carry flag 

Add direct byte to A with carry flag 

Add indirect RAM to A with carry flag 

Add immediate data to A with carry flag’ 
Subtract register from A with borrow 
Subtract direct byte from A with borrow 
Subtract indirect RAM from A with borrow 
Subtract immediate data from A with borrow 
Increment A | 

Increment register 

Increment direct byte | 

Increment indirect RAM 

Decrement A 

Decrement register 


Decrement direct byte 

- Decrement indirect RAM 
Increment data pointer 
Multiply A & B 

Divide A by B 

Decimal adjust A 


bytes/ 
cycles 


1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
o: 
1 
2 
1 
1 
1 
2 
1 
1 
1 
1 
1 


= KH DB AO =| = S| wi sw we eR ew eS lll el lll melee 


opcode 
(hex.) 


2% 
25 
26, 27 
24 
3% 
35 
36, 37 
34 
9* 
95 
96,97 
94 
04 
0* 
05 
06, 07 
14 
1* 
15 
16, 17 
A3 
A4 
84 
D4 
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mnemonic 


Logic operations 


ANL 
ANL 
ANL 
ANL 
ANL 
ANL 
ORL 
ORL 
ORL 
ORL 
ORL 
ORL 
XRL 
XRL 
XRL 
XRL 
XRL 
XRL 
CLR 
CPL 
RL 
RLC 
RR 
RRC 
SWAP 


A,Rr 
A,direct 
A,@Ri 
A,#data 
direct,A 
direct,#data 
A,Rr 
A,direct 
A,@Ri 
A,#data 
direct,A 
direct ,#data 
A,Rr 
A,direct 
A,QRI 

A, #tdata 
direct,A 
direct,#data 


A 
A 
A 
A 
A 
A 
A 


description 


AND register to A 

AND direct byte to A 

AND indirect RAM to A 

AND immediate data to A 

AND A to direct byte 

AND immediate data to direct byte 
OR register to A 

OR direct byte toA 

OR indirect RAM to A 

OR immediate data to A 

OR A to direct byte 

OR immediate data to direct byte 
Exclusive-OR register to A 
Exclusive-OR direct byte to A 
Exclusive-OR indirect RAM to A 
Exclusive-OR immediate data to A 
Exclusive-OR A to direct byte 
Exclusive-OR immediate data to direct byte 
Clear A 

Complement A 

Rotate A left 

Rotate A left through the carry flag 
Rotate A right 

Rotate A right through the carry flag 


Swap nibbles within A 


PCB83C652 


5H 
55 
56, 57 
54 
52 
53 
4* 
45 
46. 47 
44 
42 
43 
6 
65 
66, 67 
64 
62 
63 
E4 
F4 
23 
33 
03 
13 
C4 


—a eS e@® oe =| = es AJ =| =| —-— =| -m AQ =| = =| = =| YO = = ==> —= — 
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INSTRUCTION SET (continued) 


mnemonic 


Data transfer 

MOV A,Rr 

MOV A,direct (**) 
MOV A,@QRi 

MOV A,#data 
MOV Rr,A 

MOV Rr,direct 
MOV Rr,#data 
MOV direct,A 
MOV direct,Rr 
MOV. direct,direct 
MOV direct,@Ri 
MOV § direct,#data 
MOV @Ri,A 

MOV @Ri,direct 
MOV Q@Ri,#data 
MOV DPTR,#data 16 
MOVC A,@A+DPTR 
MOVC A,@A+PC 
MOVX A,QRi 
MOVX A,@DPTR 
MOVX @Ri,A 
MOV X @DPTR,A 
PUSH direct 

POP direct 

XCH_ A,Rr 

XCH_ A,direct 
XCH A,@Ri 
XCHD A,@Ri 


description 


Move register to A 

Move direct byte toA 

Move indirect RAM to A 

Move immediate data to A 

Move A to register 

Move direct byte to register 

Move immediate data to register 

Move A to direct byte 

Move register to direct byte 

Move direct byte to direct 

Move indirect RAM to direct byte 

Move immediate data to direct byte 
Move A to indirect RAM 

Move direct byte to indirect RAM 

Move immediate data to indirect RAM 
Load data pointer with a 16-bit constant 
Move code byte relative to DPTR to A 
Move code byte relative to PC toA 
Move external RAM (8-bit address) to A 
Move external RAM (16-bit address) to A 
Move A to external RAM (8-bit address) 


Move A to external RAM (16-bit address) 


Push direct byte onto stack 
Pop direct byte from stack 
Exchange register with A 
Exchange direct byte with A 
Exchange indirect RAM with A 


Exchange LOW-order digit indirect RAM with A 


** MOV A,ACC is not permitted. 
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1 
2 
1 
2 
1 
2 
2 
2 
2 
3 
2 
3 

4 
2 
2 
3 
1 
1 
1 
1 
1 
1 
2 
2 
1 
2 
1 
1 


bytes/ 
cycles 


—- = B=B= = YO NNN NNN NY NYH A NY HNHNYNNN | AND = = a= oa a 


opcode 
(hex.) 


Ex 
E5 

E6, E7 
74 

Ex 

AY 

7% 

F5 

gs 

85 
86, 87 
75 
F6, F7 
AG, A7 


76,77 | 


90 


— 93 


83 
E2,E3 
EO 
F2,F3 
FO 
CO 
DO 
C* 
C5 
C6, C7 
D6, D7 


Single-chip 8-bit microcontroller 
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mnemonic description ste pete 
Boolean variable manipulation 
CLR C Clear carry flag 1 1 C3 
CLR bit Clear direct bit 2 1 C2 
SETB C Set carry flag 1 1 D3 
SETB bit Set direct bit 2 1 D2 
CPL C Complement carry flag 1 1 B3 
CPL bit Complement direct bit 2 1 B2 
ANL C,bit AND direct bit to carry flag 2 2 82 
ANL C,/bit AND complement of direct bit to carry flag 2 2 BO 

;ORL C,bit OR direct bit to carry flag 2 2 72 
ORL C,/bit OR complement of direct bit to carry flag 2 2 AO 
MOV C,bit Move direct bit to carry flag 2 1 A2 
MOV bit,C Move carry flag to direct bit 2 2 92 
Program and machine control 
a ACALL  addr11 Absolute subroutine call 2 2 @jaddr 
a LCALL addr16 Long subroutine call 3 2 12 
Q RET Return from subroutine 1 2 22 | 
2 RET1 Return from interrupt 1 2 32 | 
= AJMP addr11 Absolute jump 2 2 4\addr | 
° LJMP addr16 Long jump 3 2 02 
S SJMP rel Short jump (relative address) Zz 32 80 
ral JMP @A+DPTR Jump indirect relative to the DPTR 1 2 73 
JZ rel Jump if A is zero 2 2 60 
JNZ rel Jump if A is not zero 2 22 70 
JC rel Jump if carry flag is set 2 2 40 
JNC rel Jump if no carry flag 2 2 50 
JB bit,rel Jump if direct bit is set 3 2 20 
JNB bit,rel Jump if direct bit is not set So <2 30 
JBC bit,rel Jump if direct bit is set and clear bit 3 2 10 
CJNE A,direct,rel Compare direct to A and jump if not equal 3 2 B5 
CJNE A,#data,rel Compare immediate to A andjumpifnotequal 3 2 B4 
CJNE Rr,#data,rel Compare immed. to reg. andjump if notequal 3 2 B* 
CJNE @Ri,#data,rel Compare immed. to ind. andjump if notequal 3 2 B6, B7 
DJNZ Rr,rel Decrement register and jump if not zero 2 2 D* 
DJNZ direct,rel Decrement direct and jump if not zero 3 2 D5 
NOP No operation 1 1 00 
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Notes to Table 4 
Data addressing modes — | 
Rr oye Working register RO-R7. 
direct 128 internal RAM locations and any special function register (SFR). 
@Ri | Indirect internal RAM location addressed by register RO or R1 of the actual register bank. 
#data 8-bit constant included i in instruction. 
#data16 16-bit constant included as bytes 2 and 3 of instruction. 
bit | direct addressed bit in internal RAM or SFR. 


addr16 ~—- 16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within 
the 64 K-byte program memory address space. 


addr11 =‘ 11-bit destination address. Used by ACALL and AJMP. The branch will be within the same 
2 K-byte page of program memory as the first byte of the following instruction. 


rel Signed (two’s complement) 8-bit offset byte. Used by SJMP and all conditional jumps. Range 
is —128 to + 127 bytes relative to first byte of the following instruction. 


Hexadecimal opcode cross-reference to Table 5 
*: 8,9,A,B,C,D,E, F. 

®: 11,31,51,71,91,B1, D1, F1. 

A: O1, 21, 41,61, 81,A1,C1, E1. 
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Table 5 Instruction map 


if first hexadecimal character of opcode second hexadecimal character of opcode 


5 6 sd [8] ale [clo lel 
NOP AJMP LUMP | RRA INC A INC INC @Ri INC Rr 
pageO | addr 16 dir 0 l1 |o]1 21/3 7 
JBC LCALL | RRCA DECA DEC DEC @Ri DEC Rr 
bit,addr8 addr16 dir 0 1 0/1 |2 |3 5 7 
2| JB RET RLA ADD ADD ADD A,@Ri ADD A,R 
bit,addr8 page 1 A ,#data A,dir 0 1 0/1 ;2 /3 5 7 
3 | JNB ACALL | RET1 | RLCA ADDC ADDC ADDC A,@Ri ADDC A,Rr 
bit,addr8 page 1 A #data A dir 0 | 1 O11 |2 {3 5 7 
JC AJMP ORL | ORL ORL ORL ORL A,@Ri ORLA,Rr 
addr8 page 2 dir,A dir #data A,#data A, dir 0 1 O0|1 |2 {3 5 7 
5 | JNC ACALL | ANL) | ANL ANL ANL ANL A,@Ri ANL A,Rr 
addr8 page2 | dir,A dir,#data A ,#data A dir 0 1 0/1 |2 {3 
6 | JZ AJMP XRL | XRL XRL XRL XRL A,@Ri XRLA,Rr 
addr8 page 3 dir,A dir,#data A #tdata A.dir 0 | 1 0|1 |2 |3 
7 | JNZ ACALL | ORL | JMP MOV MOV MOV @Ri,#data MOV Rr,#data 
addr8 | page3 | Cbit | @A+DPTR A, #data dir#data | 0 11 |04}1 {2 13 5 |6 
8 | SJMP AJMP ANL | MOVC | Div MOV MOV dir,@Ri MOV dir,Rr 
| addr8 page4 | C,bit | A,@A+PC AB dir,dir 0 (1 jO 41 {2 {3 
MOV DPTR,| ACALL | MOV. | MOVC SUBB | SUBB SUBB A,@QRi SUBB A,Rr 
#data 16 page4 | bit,C | A,@A+DPTR | A,#data A dir | 0 1 j041 [2 [3 
A| ORL | AJMP MOV | INC MUL MOV @Ri,dir MOV Rr,dir 
| C,/bit - page5 | C,bit DPTR AB | 0 11 {O |1 (2 [3 |4 [5 
B | ANL ACALL | CPL CPLC CJNE A, CJNE CJNE @Ri, #data,addr8 | CJNE Rr,#data,addr8 | 
C,/bit page 5 bit #data,addr8 | Adir,addr8 | O | 1 0111213 |4 |5 {6 


49}]01}3U090491WW 31q-g diys-ajBuis 


fall 


e C | PUSH AJMP | CLR |CLRC | SWAP XCH XCH A,@Ri XCH A,Rr 

S| dir page6 | bit | A A dir 0 a F019 12 

S$ || D| POP ACALL | SETB | SETB DAA DJNZ XCHD A,@Ri DJNZ Rraddr8 bi 
2 | pa | page 6 bit nu | | diraddr8 | 0 1 01112 |3 |4 [5 7 
- || &]mMovx ramp | MOVX A,@Ri CLRA MOV MOV A,@Ri MOVA,Rr | || 

© | A,@DPTR | page7 | 0 1 A dir 0 11 jo 41 |2 /3 |4 

0 | 


/F|/MOVX | ACALL | MOVX @RiA CPLA MOV MOV @Ri.A ie eee 
L@DPTR,A | page7 | 0 4 | dir,A 0 11 lo11 12 13 l4 15 |e }7 


ZS990899d 
ZG9D€8dOd 


60€ 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System ({EC 134) 


_ Input voltage on any pin 


310 


with respect to ground (Vss) | VI 
_[nput, output current +h, lo 
Total power dissipation Prot 

Storage temperature range T stg 
Operating ambient temperature range Tamb 
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—0 5to+7 V 
max. 5 mA 


max. 1 W 
—65 to +150 OC 
0 to+70 OC 
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Vpp = 5 V (410%); Vss = 0 V; Tamb = 0 to +70 OC; all voltages with respect to Vss unless otherwise 


specified 


EE ee a ae 


Supply voltage 


Supply current 
operating (note 1) 
idle mode (note 2) 


Power-down current 


Inputs (see note 6) 


LOW level input voltage 
(except EA, P1.6/SCL, 
P1.7/SDA 


LOW level input voltage 
(EA) 

LOW level input voltage 
(P1.6/SCL, P1.7/SDA) 


HIGH level input voltage 
(except XTAL 1, RST, 
P1.6/SCL, P1.7/SDA) 


HIGH level input voltage 
(XTAL 1, RST) 


HIGH level input voltage 
(P1.6/SCL, P1.7/SDA) 


Input current logic O 
(Ports 1, 2, 3 and 4; except 
P1.6/SCL, P1.7/SDA) 


Input current logic 1 
to 0 transition 
(Ports 1,2, 3 and 4; except 
P.1/SCL, P1.7/SDA) 

Input leakage current 

(Port 0, EA, STADC,EWN, 

P1.6/SCL, P1.7/SDA) 


fcLkK = 12 MHz 
fcLK = 12 MHz 


VDD =2 V (note 3) 


0,2Vpp—0,1/V 


0,2Vpp—0,3|V 


0,2Vppt0,9 


0,7VCC 


3,0 


Purchase of Philips’ 1*C components conveys a license under the 
Philips’ 1*C patent to use the components in the |7C system provided 
the system conforms to the |?C specification defined by Philips. 
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D.C. CHARACTERISTICS (continued) 


parameter 


Outputs 


LOW level output voltage (note 4) 
(Ports 1,2, 3 and 4; 


except P1.6/SCL, P1.7/SDA) lol =1,6mA 
LOW level output voltage (note 4) 
(Port 0, ALE, PSEN) lo. =3,2mA 
LOW level output voltage 
(P1.6/SCL, P1.7/SCL) loL =3,0mA 
HIGH level output voltage 
(Ports 1, 2, 3 and 4: 
except P1.6/SCL, P1.7/SDA) —IOH = 80 pA; 
Vpp =5 V + 10% 
—IOH = 30yuA 
—IQH = 10. uA 
HIGH level output voltage (note 5) 
(Port O in external Bus mode, 
ALE, PSEN) —IQH = 400 pA; 
Vpop=5 Vt 10% 
—IOH = 150 uA 
—IOH = 40 vA 


RST pull-down resistor © 


|/O pin capacitance test freq. = 1 MHz; 


Tamb = 25 °C 


Notes to the d.c. characteristics 


1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with 
tr = tf = 10 ns; ViL = Vss + 0,5 V, ViIH = Vpp —0,5 V; XTAL 2 not connected; EA = RST = 
Port O=Vpp. 


2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with 
tr =t¢= 10 ns, Vip = Vss + 0,5 V, Vin = Vpp —0,5 V; XTAL 2 not connected; EA = Port 0 = 
Vpp; RST = Vss. 

3. The power-down current is measured with all output pins disconnected: XTAL 2 not connected; 
EA = Port 0 = Vpp; RST = Vss. 

4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the 
LOW level output voltage of ALE, Port 1 and Port 3. The noise is due to external Bus Capacitance 
discharging into the Port 0 and Port 2 pins when these pins make a 1-to-0 transition during Bus 
operations. In the most adverse condition (capacitive loading > 100 pF) the noise pulse on ALE line 
may exceed 0,8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or use 
an address latch with a Schmitt trigger STROBE input. 


0. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN 
to momentarily fall below the 0,9 Vpp specification when the address bits are stabilizing. 


6. The input threshold voltage of P1.6 and P1.7 (SIO1) meets the |?C specification, so an input voltage 
below 1,5 V will be recognized as a logic ‘0’ while an input voltage above 3,0 V will be recognized 
as a logic 1. 
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A.C. CHARACTERISTICS 


Vpp =9 V # 10%; Vss = 0 V; Tamb = 0 to +70 OC; CL = 100 pF (Port 0, ALE and PSEN); Cy. = 80 pF 
(all other outputs); unless otherwise specified (see waveforms Figs 16, 17 and 18) 


10 MHz 12 MHz variable clock 


parameter symbol , unit 


Program memory 


ALE pulse duration tLe 


Address set-up 
time to ALE 


Address hold time 
after ALE 


Time from ALE to valid 


instruction input tLiVv 
Time from ALE to 
control pulse PSEN tLe 


Control pulse 


duration PSEN tcc 
Time from PSEN to valid 
instruction input tc1v 


Input instruction hold 
time after PSEN 


Input instruction float 
delay after PSEN* tciF 


Address valid 
after PSEN* 


Address to valid 
instruction input TAIV 


Address float time 
to PSEN 


— 302 | — 5tcK—-115 


* Interfacing the PCB83C652 to devices with float times up to 75 ns is permitted. This limited bus 
contention will not cause damage to Port O drivers. 
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A.C. CHARACTERISTICS (continued) 


: hee ott / 10MHz 12 MHz variable clock 
parameter symbol 7 unit 
in. max. [iin | mx 


External data memory 


RD pulse duration 6tcK—100} — 
WR pulse duration 6tcK—100 | — 
Address hold time 
after ALE 
RD to valid data input 5tcK—165 
Data hold time after RD | = 
Data float delay 
after RD 2tcK—70 
Time from ALE to | 
valid data input 8tcK—150 
Address to valid | 
data input | — 9tcK-—165 
| Time from ALE to -_ 
RD or WR 3tcK—50 | 3tcK+50 
Time from address to | 
RD or WR , 4tck—130 
Time from RD or WR | 
HIGH to ALE HIGH tcK—40 
Data valid to WR 
transition tcK—60 
Data set-up time 


before WR 7tcK—150 
Data hold time after WR tcK—50 


Address float delay 
after RD 


Where: 
1/tcK = 3,5 to 12 MHz (see Fig. 15 and Table 6). 
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test points 


(a) 


2,4V 


0,45V 0,45V 


7287542 


(b) 
Fig. 14 A.C. testing input, output waveform (a) and float waveform (b). 
A.C. testing inputs are driven at 2,4 V for a logic 1 and 0,45 V for a logic 0. Timing measurements are 


taken at 2,0 V fora logic 1 and 0,8 V for logic G. The float state is defined as the point at which a 
Port 0 pin sinks 3,2 mA or sources 400 uA at the voltage test levels. 
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7287543 


Fig. 1 External clock drive XTAL 1 (see Table 6). 


Table 6 External clock drive XTAL 1 (see Fig. 15) 


parameter 


286 ns . 


oscillator clock period 


HIGH time THIGH tCkK-tLOW ns 
LOW time tLow tCK—tHIGH ns 
rise time | tr 20 | ns 
fall time tf 20 ns 
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A.C. CHARACTERISTICS (continued) 


aia a a re ee 


ae —— ty | — |< ty py ——————> 


ALE 


PSEN 


PORTO 


PORT 2 


ALE 


PSEN 


PORT 0 


PORT 2 


<«——ti oc— 
a—_— toc —-__» 


> <t—tarc 
«ti a> 'CIF 
TAL ae C1 


a ee ed Co 


—el toy |< 


<—_—____—_— tary —__———> 


¢ | address AD8 to AD15 or ~ address AD8 to AD15 or 
L special function registers (SFR) special function registers (SFR) 


Fig. 16 Read from program memory. 


7Z287549.1 
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—ei tar ti a-—— 


<—tpFR—> 


taw ——-—_—> | trp --——> tor —+!| ~<— 
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el. eo LAPR 


<—-_____—— tan 


4 address AD8 to AD15 or special function registers (SFR) 


Fig. 17 Read from data memory. 


316. November 1986 


7287550.1 


PCB83C652 
PCB80C652 
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—| tWHLH |j<«— 


ALE 


PSEN 
SS NY ee 


<—_____—. taw ——_—__> 
| tac |< —r» tpowx eee 
«tt a> <—————— tow — > + _ two ——> 


PORT 2 (| address AD8 to AD15 or special function registers (SFR) 


72875511 


Fig. 18 Write to data memory. 
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SLE 


z= 
ie) 
< 
o 
3 
oT 
@ 
“ 
amd 
ce) 
Oo 
o 


external 
program 
memory 
fetch 


XTAL1 
INPUT 


ALE 


PSEN 


BUS 
(PORT 0) 


PORT 2 
(EXTERNAL) 


PORT 
OUTPUT 


PORT 
INPUT 


SERIAL 
PORT 


(SHIFT CLOCK) 


one machine cycle ——————_______> 


$1 $2 - $3 S4 $5 S6 
PT. (F2 2 P2 i P2 ie P2 B P2 |P1 P2 


<—________________ one machine cycle ——_——_____—___» 


S1 S2 S3 S4 S5 S6 
P1 P2 iB P2 er P2 4 P2 # P2 |P1 p2 


data |float] address float data ifloat | address float data |float | address float data [float] address float 


address transitions 


old data | new data 


sampling time of |/O port pins during input (including INTO and INT1) 


7287552.1 


Fig. 19 Instruction cycle timing. 
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This data sheet contains advance information and PCB85C5!1 


specifications are subject to change without notice. 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 


The PCB85C51 is the software development version of the PCB80C51 8-bit microcontroller family. 
The PCB85C51, manufactured in CMOS technology, ts chiefly used for the software/hardware 
development of PCB80C51 applications. The 85C51 has the same electrical parameters as the 80C51 
and has an identical instruction set. The 85C51 contains no internal ROM but can address externally 
as ‘quasi-internal’, up to 16 K of program memory via its 14 address and 8 data lines. Lines M1/M2 
operate as memory control, the signal PSENE serves as memory chip enable. The PCB85C51 does 
contain a volatile data memory RAM of 128 x 8 bytes; 32 |/O lines; two 16-bit timer/event counters; 
a five-source, two-priority-level, nested interrupt structure; a serial |/O port for either multi-processor 
communications, |/O expansion, or full duplex UART; and on-chip oscillator and timing circuits. For 
systems that require extra capability, the PCB85C51 can be expanded using standard TT L compatible 
memories and logic. 


The PCB85C51 has two software selectable modes of reduced activity for further power reduction — 
Idle and Power Down. | 
The Idle mode freezes the CPU while allowing the RAM, timers, serial port and interrupt system to 
continue functioning. 3 
The Power Down mode saves the RAM contents but freezes the oscillator causing ali other chip 
functions to be inoperative. 


The device also functions as an arithmetic processor having facilities for both binary and BCD arith- 
metic plus bit-handling capabilities. The instruction set consists of 255 instructions; 44% one-byte, 
41% two-byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 ys 
and 40% in 2 us. Multiply and divide instructions require 4 us. Multiply, divide, subtract and compare 
are among the many instructions added to the standard PCB80C49 instruction set. 


Features 


@® 128 x 8 RAM 
@ Four 8-bit ports, 32 1/O lines | 
Two 16-bit timer/event counters 
Full-duplex serial port 
External memory expandable to 128 K, external ROM to 64 K and/or external RAM up to 64 K 
Boolean processing | 
218 bit-addressable locations 
On-chip oscillator 
Five-source interrupt structure with two priority levels 
58% of instructions executed in 1 ys; multiply and divide in 4 us; all other executed in 2 us (at 
12 MHz clock) 
Enhanced architecture with: 
non-page-oriented instructions 
direct addressing 
four 8-byte + 1 byte register banks 
stack depth up to 128-bytes 
multiply, divide, subtract and compare instructions. 


PACKAGE OUTLINES 
PCB85C51B: 40-lead DIL piggy-back, metal ceramic (CERDIL) (SOT-215). Ss 


PCB85C51 


PROGRAM 
MEMORY 


frequency 
reference 4K x8ROM ‘ies , counters 
; 8K x 8ROM quasi- interna \ 
XTAL2.-XTAL1 16 K x 8 ROM TO 1 


OSCILLATOR DATA TWO 16-BIT 
AND MEMORY TIMER/EVENT 
TIMING (128 x 8 RAM) COUNTERS 


PCB85C51 


ae acre 
EXPANSION PROGRAMMABLE 1/0 FULL DUPLEX UART 
CONTROL 


SYNCHRONOUS SHIFT 


internal 
interrupts 


INTO INT1 control parallel ports, serial in serial out 
address/data bus 


external interrupts and 1/0 pins 


NORMAL MEMORY 


Veco +8 V MAIN SUPPLY EXTENSION TO 128 K 7297504 
POWER J _“& VIA PORT 0 AND PORT 2 
SURFEN. “) Vee? GROUND 

—ps 


Fig. 1 PCB85C51 block diagram. 
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TXD/clock ¢4— <q» 
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Fig. 2 Functional diagram of PCB85C51. 
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P1.0 8 40 | me 
M1 
P11 ADO M2 
M2 
P1.2 38 AD 1 
38 | Vec/A13 
P1.3 AD 2 Vec/A13 
Vpp 
P1.4 AD 3 Al2 
A7 
P1.5 35 AD 4 
35 | ne 
P1.6 AD 5 A5 
A4 
P1.7 AD6 A3 
RST AD7 sis 
Al 
RXD/data  P3.0 AO 
PCB85C51B DO 
TXD/clock P3. 1 es 
INTO P32 D2 
I GND 
INT1 P3.3 28 AD 15 
7297500 
TO P34 AD 14 ie 
Fig. 3b Top pinning on 40-pin 
Tr P35 ADIZ. EPROM socket for PCB85C51B. 
WR P3.6 AD 12 
RD P3.7 AD 11 
XTAL 2 AD 10 
XTAL 1 ADQ 
Vss oe 


7Z287531.1F 


Fig. 3a Bottom pinning diagram for PCB85C51B. 
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PIN DESIGNATION (PCB85C51B) 


1-8 P1.0-P1.7 Port 1: 8-bit quasi-bidirectional 1/O port. Port 1 can sink/source one TTL 
(= 4 LS TTL) input. It can drive CMOS inputs without external pull-ups. 


9 RST: a high level on this pin for two machine cycles while the oscillator is 
running resets the device. An internal pull-down permits Power-on reset 
using only a capacitor connected to Vcc. 


10-17 P3.0-P3.7 Port 3: 8-bit quasi-bidirectional {/O port with internal pull-ups. It also serves 
the following alternative functions: 


Port pin Alternative function 

P3.0 RXD/data: serial port receiver data input (asynchronous) or 
data input/output (synchronous) | 

P3.1 TXD/clock: serial port transmitter data output (asynchronous) 
or clock output (synchronous) 

P3.2 INTO: external interrupt 0 or gate control input for timer/event 
counter OQ 

P3.3 INT1: external interrupt 1 or gate control input for timer/event 
counter 1 

P3.4 TO: external input for timer/event counter O 

P3.5 T1: external input for timer/event counter 1 

P3.6 WR: external data memory write strobe 

P3.7 RD: external data memory read strobe 


Operation of an alternative function is determined by the relevant output 
latch programmed to logic 1. Port 3 can sink/source one TTL input. It can 
drive CMOS inputs without external pull-ups. 


18 XTAL 2 Crystal input 2: output of the inverting amplifier that forms the oscillator. 
Left open-circuit when an external oscillator is used (see Figs 8 and 9). 


DEVELOPMENT DATA 


19 XTAL 1 Crystal input 1: input to the inverting amplifier that forms the oscillator, and 
input to the internal clock generator. Receives the external oscillator signal 
when an external oscillator is used (see Figs 8 and 9). 


20 Vss Ground: circuit ground potential. 


21-28 P2.0-P2.7 Port 2: 8-bit quasi-bidirectional |/O port with internal pull-ups. Port 2 can 
sink/source one TTL input. It can drive CMOS inputs without external 
pull-ups. During the access to external memories (RAM/ROM) that use 16-bit 
addresses (MOV X @DPTR) Port 2 emits the high order address byte. When 
used for an external RAM, an 8-bit address (MOV X @Ri) Port 2 emits the 
contents of P2 Special Function Register. 


29 PSEN Program Store Enable output: sead strobe to the external Program Memory. 
It is activated twice each machine cycle during fetches from external Program 
Memory. When executing out of external Program Memory two activations of 
PSEN are skipped during each access to external Data Memory. PSEN is not 
activated (remains HIGH) during no fetches from external Program Memory. 
PSEN can sink/source 8 LS TTL inputs. It can drive CMOS inputs without an 
external pull-up. 


30 ALE Address Latch Enable output: latches the low byte of the address during 
| accesses to external memory in normal operation. It is activated every six 
oscillator periods except during an external data memory access. ALE can 
sink/source 8 LS TTL inputs. It can drive CMOS inputs without an external 
pull-up. 
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31 EA 


32-39. PO.7-P0.0 


40 Vcc 


External Access input: When EA is held at a TTL high level the CPU executes 
out of the internal Program Memory (ROM), provided the Program Counter is 
less than the boundary selected by M1, M2. When EA is held at a TTL low 
level, the CPU executes out of external Program Memory. EA is not allowed 
to float. 


Port 0: 8-bit open drain bidirectional I/O port, it is also the multiplexed - 
low-order address and data bus during accesses to external memory (during 
these accesses it activates internal pull-ups). Port O can sink/source eight LSTTL 
inputs. | -~ 7 

Power supply: + 5 V power supply pin during normal operation, Idle mode 
and Power Down mode. i 


PIN DESIGNATION (Non-standard) 
10-2 AQ-A7, A12 Address Bus: for quasi-internal program memory 


26-23, A13, A8, 


AQ, All 
21 A10 
11-13, DO-D2 
15-19  D3-D7 


20 (CE) PSENE 


CD,AB M2,M1 


Data Bus: for quasi-internal program memory 


Chip enable: signal for external ROM connected via AO-A13 and DO-D7 
(Active LOW). Available twice per machine cycle, timing same as user PSEN.” 


Signals: set.to control the switch from ‘quasi-internal’ to external program 


~memory. Signals should only be changed during reset. . 


4 K Memory (80C51) 


8 K Memory 
16 K Memory 


—* * An exception to this is when user PSEN remains HIGH during RESET, when the chip executes from 
internal program memory or is in the second cycle of a MOV instruction. 
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Single-chip 8-bit microcontroller | : PCB85C 51 


FUNCTIONAL DESCRIPTION 
General 


The PCB85C51 is designed for software development in real-time applications such as instrumentation, 
industrial control and intelligent computer peripherals. 


The device provides the same hardware features, architectural enhancements and new instructions as 
the PCB80C51. The device can address up to 64 K bytes of program memory and/or up to 64 K bytes 
of data storage. _ 


The PCB85C51 has a control-oriented CPU without on-chip program memory. Lines M1 and M2 
operate as memory control. Below the boundary marked by M1 and M2 the opcodes are fetches out 
of the quasi-internal ROM. Above this boundary the ROM can be expanded up to 64 K as normal via 
the ports 0 and 2. The signal PSENE serves as memory chip enable. The PCB85C51 has the lower 4, 8 
or 16 K bytes of program memory connected via AO-A13 and DO-D7. For systems requiring extra 


capability, the PCB85C51 can be expanded using standard memories and peripherals. 


This bond-out version of the 80C51 reduces development problems to a minimum and provides 
maximum flexibility. 


The PCB85C51 contains no on-chip program ROM, but does contain a volatile 128 x 8 read/write data 
memory; 32 I/O lines; two 16-bit timer/event counters; a five-source, two-priority-level nested interrupt 
structure; a serial |/O port for either multi-processor communications, |/O expansion or full duplex 
UART communications; and on-chip oscillator and timing circuits. 


Central processing unit 


The central processing unit (CPU) manipulates operands in four memory spaces. These are the 64 K- 
byte external data memory, 128-byte internal data memory, the 64 K-byte internal and external 
program memory. The internal data memory address space is sub-divided into the 128-byte internal 
data RAM and 128-byte special register (SFR) address spaces, as shown in Fig. 4. 


FFFF H | 3 FFFF H 


EXTERNAL 


OFFF H: M2, M1 = 0,1 
1FFF H: M2,M1=1,0 ~--- 
3FFF H: M2, M1 = 1,1 


a 
FF H 255 
SPECIAL 
FUNCTION 
EXTERNAL 
INTERNAL REGISTERS 
aa 127 
ease 7FH 
eer INTERNAL 
DATA RAM 
0000 H 00H 00 0000 H 
7297600.1 program memory external 


data memory 


Fig. 4 Memory map. 
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FUNCTIONAL DESCRIPTION (continued) 


The internal data RAM contains four register banks (each with eight registers), 128 addressable bits, 
and the stack. The stack depth is limited by the available internal data RAM and its location is 
determined by the 8-bit stack pointer. All registers except the program counter and the four 8-register 
banks reside in the special function register address space. These memory mapped registers include 
arithmetic registers, pointers, 1/O ports, interrupt system registers, timers and serial port. There are 
128 bit addressable locations in the SFR address space. 


The PCB85C51 contains 128 bytes of internal data RAM and 20 special function registers. It provides 
a non-paged program memory address space to accommodate relocatable code. Conditional branches 
are performed relative to the program counter. The register-indirect jump permits branching relative 
to a 16-bit base register with an offset provided by an 8-bit index register. 16-bit jumps and calls 
permit branching to any location in the contiguous 64 K program memory address space. 


The PCB85C51 has five methods for addressing source operands: 


@ Register. 

@ Direct. 

@ Register-Indirect. 

@ Immediate. 

@ Base-register-plus Index-Register-Indirect. 


The first three methods can be used for addressing destination operands. Most instructions have a 
“‘destination/source”’ field that specifies the data type, addressing methods and operands involved. 
For operations other than moves, the destination operand is also a source operand. 


Access addressing is as follows: 


@ Registers in the four 8-register banks through Register, Direct, or Register-Indirect. 
@ 128 bytes of internal data RAM through Direct or Register-Indirect. 
—s ® Special function registers through Direct at address locations 128-255. 
@ External data memory through Register-Indirect. 
@ Program memory look-up tables through Base-Register-plus Index-Register-Indirect. 


The PCB85C51 is classified as an 8-bit device since the external ROM, RAM, Special Function Registers 
(SFR), Arithmetic Logic Unit (ALU), and external data bus are each 8-bits wide. It performs operations 
on bit, nibble, byte and double-byte data types. 


Facilities are available for byte transfer, logic, and integer arithmetic operations. Data transfer, logic, 
and conditional branch operations can be performed directly on Boolean variables to provide excellent 
bit handling. 


_ Instruction set 


The PCB85C51 uses the same powerful instruction set as the 80C51 to allow expansion of on-chip CPU 
peripherals and to optimize byte efficiency and execution speed. Reassigned opcodes add new high- 
power operations and permit new addressing modes to make old operations more orthodox when 
compared to the 8048 family. The instruction set consists of 49 single-byte, 45 two-byte and 17 three- 
byte instructions. When using a 12 MHz oscillator, 64 instructions execute in 1 us and 45 instructions 
execute in 2 us. Multiply and divide instructions execute in 4 us. 
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1/O facilities 


The PCB85C51 has 32 I/O lines treated as 32 individual addressable bits and as four parallel 8-bit 
addressable ports. Ports 0, 1, 2 and 3 perform the following alternate functions: 


@ Port 0; provides the multiplexed low-order address and data bus used for expanding the PCB85C51 
with standard memories and peripherals. 

@ Port 2; provides the high-order address bus when expanding the PCB85C51 with external program 
memory or more than 256 bytes of external data memory. 


The address boundary for external access to program memory via port O and 2, is set by the signal on 
M1 and M2. 


@ Port 3; pins can be configured individually to provide: 
— external interrupt request inputs 
counter inputs 
— serial port receiver input and transmitter output 
control signals to READ and WRITE to external data memory. 


The generation or use of a Port 3 pin as an alternate function is carried out automatically by the 
PCB85C51 provided the pin is loaded with a HIGH content. 


+5V 
strong pull-up 


2 oscillator periods 


1/0 PIN 
PORT 
1,2&3 

Q 
from port latch 


DEVELOPMENT DATA 


input data —q¢——___—__—__--© 7280799 


INPUT 


read port pin BUFFER 


Fig. 5 1/O buffers in the PCB85C51 (Ports 1, 2 and 3). 


Timer/event counters 


The PCB85C51 contains two 16-bit registers, Timer 0 and Timer 1, that can be used as timers or event 
counters to carry out the following functions: 


@ Measure time intervals and pulse durations. 
@® Count events. 
@ Generate interrupt requests. 


Each timer/event counter can be programmed independently to operate in three modes: 


@ Mode O; 8-bit timer or 8-bit counter each with divide by 32 prescaler. 
@ Mode 1; 16-bit time-interval or event counter. 
@ Mode 2; 8-bit time-interval or event counter with automatic reload upon overflow. 


Counter 0 can be programmed to operate in an additional mode as follows: 


@ Mode 3; one 8-bit time-interval or event counter and one 8-bit time-interval counter. 
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FUNCTIONAL DESCRIPTION (continued) 


When counter 0 is in Mode 3, counter 1 can be programmed to operate in Modes O, 1 or 2 but cannot 
set an interrupt request flag or generate an interrupt. However, the overflow from counter 1 can be 
used to pulse the serial Port transmission-rate generator. 


The frequency handling range of these counters with a 12 MHz crystal is as follows: 


@ Up to 1 MHz when programmed for an input that is a division by 12 of the oscillator frequency. 
@ 0 Hz to an upper limit of 150 kHz to 0,5 MHz when programmed for external inputs. 


Both internal and external inputs can be gated to the counter by a second external source for directly 
measuring pulse durations. 


The counters are started and stopped under software control. Each one sets its interrupt request flag 
when it overflows from all 1’s to all O’s (or automatic reload value). 


On-chip peripheral functions 


In addition to the CPU and memories, an interrupt system, extensive I/O facilities, and several 

peripheral functions are integrated on-chip to relieve the CPU of repetitious, complicated or time- 

critical tasks and to permit stringent real-time control of external system interfaces. The 1/O facilities 

include the I/O pins, parallel ports, bidirectional address/data bus and the serial port for 1/O expansion. 

The CPU peripheral functions integrated on-chip are the two 16-bit timer/event counters and the 

serial port. | 
: / 


Idle and Power Down operation (see Fig. 6) 


The Power Down operation freezes the oscillator. The Idle mode operation allows the interrupt, serial — 
port and timer blocks to continue to function while the clock to the CPU is halted. 


? OSCILLATOR : 


interrupt serial 
port timer blocks 


CLOCK 
GENERATOR 


7Z80800 


Fig. 6 Internal Idle and Power Down clock configuration. 
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Power control register (PCON) 


These special modes are activated by software via the Special Function Register PCON. Its hardware 
address is 87H. PCON is not bit addressable. 


MSB LSB 
7 6 5 


4 3 2 1 0 


PCON.7 Double Baud rate bit 
when set to logic 1 the baud rate is doubled when the serial port is 
being used in either modes 1, 2 or 3 

PCON.6 (reserved) 

PCON.5 (reserved) 

PCON.4 (reserved) 

PCON.3 general-purpose flag bit 


x ~PCON.2 general-purpose flag bit 
a PCON.1 Power-down bit 
Q setting this bit activates power-down operation 
09 PCON.O Idle mode bit | 
= setting this bit activates the idle mode operation 
a. 
o If a logic ‘1’ is written to PD and IDL at the same time, PD takes precedence. The reset value of PCON 
Sis (OXXX000). ; a | 
aft 
© Idle mode 


The instruction that sets PCON.O is the last instruction executed in the normal operating mode before 
Idle mode is activated. Once in the Idle mode, the CPU status is preserved in its entirety: the Stack 
Pointer, Program Counter, Program Status Word, Accumulator, RAM and all other registers maintain 
their data during Idle mode. The status of the external pins during Idle mode is shown in Table 1. 


There are two ways to terminate the Idle mode: 


Activation of any enabled interrupt will cause PCON.O to be cleared by hardware terminating Idle 
mode. The interrupt is serviced, and following return from interrupt instruction RETI, the next 
instruction to be executed will be the one which follows the instruction that wrote a logic 1 to PCON.O. 


The flag bits GFO and GF1 may be used to determine whether the interrupt was received during normal 
execution or during the Idle mode. For example, the second instruction that writes to PCON.O can also 
set or clear one or both flag bits. When Idle mode is terminated by an interrupt, the service routine can 

examine the status of the flag bits. 


The second way of terminating the Idle mode is with a hardware reset. Since the oscillator is still 
running, the hardware reset is required to be active for two machine cycles (24 oscillator periods) to 
complete the reset operation. 
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FUNCTIONAL DESCRIPTION (continued) 
Power Down mode 


The instruction that sets PCON.1 is the last executed prior to going into the Power Down mode. Once 
in Power Down mode, the oscillator is stopped. Only the contents of the on-chip RAM are preserved. 
The Special Function Registers are not saved. A hardware reset is the only way of exiting the Power 
Down mode. 


In the Power Down mode, Vcc may be reduced to minimize circuit power consumption. The voltage 
must not be reduced until the Power Down mode is entered, but must be restored before the hardware 
reset is applied which will free the oscillator. Reset should not be released until the oscillator has 
restarted and stabilized. 


The status of the external pins during Power Down mode is shown in Table 1. If the Power Down mode 
is activated while in external program memory, the port data that is held in the Special Function 
Register P2 is restored to Port 2. If the data is a logic 1, the port pin is held HIGH during the Power 
Down mode by the strong pull-up transistor p1 (see Fig. 5). 


Table 1 Status of the external pins during Idle and Power Down modes 


Idle internal port data | portdata | port data | port data 
Idle external floating port data | address port data 
Power-down internal port data | portdata | port data | port data 


Power-down external floating port data | port data | port data 


Interrupt system (see Fig. 7) 


External events and the real-time-driven on-chip soe require service by the CPU asynchronous 
to the execution of any particular section of code. To tie the asynchronous activities of these functions 
to normal program execution a multiple-source, two-priority-level, nested interrupt system is provided. 
Interrupt response latency is from 3 ws to 7 us when using a 12 MHz crystal. 


The PCB85C51 acknowledge interrupt requests from five sources as follows: 


@ INTO and INT1; externally via pins 12 and 13 respectively. 
@ Timer 0 and Timer 1; from the two internal counters. 
@ Serial Port; from the internal serial |/O port. 


Each interrupt vectors to a separate location in program memory for its service program. 


Each source can be individually enabled or disabled and can be programmed to a high or low priority 
level. Also all enabled sources can be globally disabled or enabled. Both external interrupts can be 
programmed to be level-activated or transition-activated and are active LOW to allow “‘wire-ORing”’ of 
several interrupt sources to the input pin. 
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Fig. 7 Interrupt system. 
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FUNCTIONAL DESCRIPTION (continued) 


Oscillator circuitry | 
The oscillator circuitry of the PCB85C51 is a single-stage inverting amplifier i in a Pierce dscitiatee 
configuration. The circuitry between XTAL 1 and XTAL 2 is basically an inverter biased to the 
transfer point. Either a crystal or ceramic resonator can be used as the feedback element to complete 
the oscillator circuitry. Both are operated in parallel resonance. XTAL 1 (pin 19) is the high gain 
amplifier input, and XTAL 2 (pin 18) is the output (see Fig. 8). To drive the PCB85C51 tae 
XTAL 1 is driven from an external source and XTAL 2 left open- -circuit (see Fig. 9). , 


external clock 
(not TTL compatible) 


Z 


not connected 


4 


C1=C2=20pF 7Z80802.1 7Z97078.1 
Fig. 9 PCB85C51 driven from an — 


Fig. 8 PCB85C51 oscillator circuit. 
external source. 


Reset circuitry 
The reset circuitry for the PCB85C51 is connected to the reset pin, RST, as shown in Fig. 10. 
A Schmitt trigger is used at the input for noise rejection. The output of the Schmitt trigger is samples 


by the reset circuitry every machine cycle. 


SCHMITT 
TRIGGER 


RESET 
CIRCUITRY 


7280801 


Fig. 10 Reset configuration at RST. 


A reset is accomplished by holding the RST pin HIGH for at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The CPU responds by executing an internal reset. It also 
configures the ALE and PSEN pins as inputs. (They are quasi- -bidirectional. ) 3 
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The internal reset is executed during the second cycle in which RST is HIGH and is repeated every 
cycle until RST goes LOW. It leaves the internal registers as follows: 


The internal RAM is not affected by reset. When Vcc is turned on, the RAM content is indeterminate. 


Power-on reset (see Fig. 11) 


Register 


PC 
ACC 
B 
PSW 
SP 
DPTR 
PO — P3 
IP 

IE 
TMOD 
TCON 
THO 
TLO 
TH1 
TL1 
SCON 
SBUF 
PCON 


Content 


OOOH 

OOH 

OOH 

OOH 

07H 

OOOOH 
OFFH 
(XX000000) 
(OXO0O00000) 
OOH 

OOH 

OOH 

OOH 

OOH 

OOH 

OOH 
Intermediate 
(OXXX0000) 


When Vcc is turned on, and provided its rise-time does not exceed 10 ms, an automatic reset can be 
obtained by connecting the RST pin to Vcc via a 10 uF capacitor. When the power is switched on, 
the voltage on the RST pin is the difference between Vcc and the capacitor voltage, this decreases 
from Vcc as the capacitor charges through the internal resistor (RRsT) to ground. The larger the 
capacitor, the more slowly VpstT decreases. Vast must remain above the lower threshold of the 
Schmitt trigger long enough to effect a complete reset. The time required is the oscillator start-up 
time, plus 2 machine cycles. To avoid a ‘latch-up’ of the CMOS circuitry, the power supply on the 
RST pin at switch-on must not exceed Vcc + 0,5 V or Veg —0,5 V. 


Vcc 


PCB85C51 


7297502 


Fig. 11 Power-on reset. 
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INSTRUCTION SET 
Table 2 Instruction set description 


mnemonic | description bytes/ opcode 
cycles (hex.) 


Arithmetic operations 


ADD A,Rr Add register to A 1 7 2 
ADD A,direct Add direct byte to A 2 1 25 
ADD A,@QRi Add indirect RAM to A 1 1 26, 27 
ADD A,i#data Add immediate data to A 2 1 24 
ADDC A,Rr ; Add register to A with carry flag 1 1 3” 
ADDC A,direct Add direct byte to A with carry flag 2 1 35 
ADDC A,@Ri Add indirect RAM to A with carry flag 1 1 36, 37 
ADDC A,#data Add immediate data to A with carry flag 2 1 34 
SUBB A,Rr_ | Subtract register from A with borrow 1 1 g* 
SUBB A,direct Subtract direct byte from A with borrow 2 1 95 
SUBB A,@Ri Subtract indirect RAM from A with borrow 1 1 96, 97 
SUBB A,#data Subtract immediate data from A with borrow 2 1 94 
INC A Increment A 1 1 04 
INC Rr Increment register 1 1 0* 
INC direct Increment direct byte 2 1 05 
INC @Ri Increment indirect RAM 1 #1 06, 07 
DEC A Decrement A 1 1 14 
DEC Rr Decrement register 1 1 ‘tl 
DEC direct Decrement direct byte 2 #1 15 
DEC @Ri Decrement indirect RAM 1 1 16, 17 
INC DPTR Increment data pointer 1 2 A3 
MUL AB Multiply A& B 1 4 A4 
DIV AB Divide A by B 1 4 84 
DA A Decimal adjust A 1 1 D4 
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mnemonic 


Logic operations 


ANL 
ANL 
ANL 
ANL 
ANL 
ANL 
ORL 
ORL 
ORL 
ORL 
ORL 
ORL 
XRL 
XRL 
XRL 
XRL 
XRL 
XRL 
CLR 
CPL 
RL 
RLC 
RR 
RRC 
SWAP 


A,Rr 
A,direct 
A,@Ri 
A,#data 
direct,A 
direct,#data 
A,Rr 
A,direct 
A,@Ri 
A,#data 
direct,A 
direct,#data 
A,Rr 

A, direct 
A,@Ri 
A,#data 
direct,A 
direct,#data 


A 
A 
A 
A 
A 
A 
A 


description 


AND register to A 

AND direct byte to A 

AND indirect RAM to A 

AND immediate data to A 

AND A to direct byte 

AND immediate data to direct byte 
OR register to A 

OR direct byte to A 

OR indirect RAM to A 

OR immediate data to A 

OR A to direct byte 

OR immediate data to direct byte 
Exclusive-OR register to A 
Exclusive-OR direct byte to A 
Exclusive-OR indirect RAM to A 
Exclusive-OR immediate data to A 
Exclusive-OR A to direct byte 


Exclusive-OR immediate data to direct byte 


Clear A 

Complement A 

Rotate A left 

Rotate A left through the carry flag 
Rotate A right 


Rotate A right through the carry flag 


Swap nibbles within A 


bytes/ 
cycles 


we eee lle GC CUNKDlCU Sl OK CGNs NK D—SdsdsdP]]Ds —= KN =| | DN DA —| NO — 
—=_— —=|=» =| -»- —-— = me AQ =| =| = = = YO | —|— -—=& = xs HO | = = —= —= 
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opcode 
(hex.) 


Be 
55 
56, 57 
54 
52 
53 
A 
45 
46, 47 
44 
42 
43 
Gt 
65 
66, 67 
64 
62 
63 
E4 
F4 
23 
33 
03 
13 
C4 
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INSTRUCTION SET (continued) 


mnemonic 


Data transfer 


MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOVC 
MOVC 
MOVX 
MOVX 
MOVX 
MOVX 
PUSH 
POP 
XCH 
XCH 
XCH 
XCHD 
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A,Rr 
A,direct 
A,QRi 
A,#data 
Rr,A 
Rr,direct 
Rr,#data 
direct,A 
direct,Rr 
direct,direct 
direct,@Ri 
direct,#data 
@Ri,A 
@Ri,direct 
@Ri,#data 
DPTR,#data16 
A,@A+DPTR 
A,@A+PC 
A,@Ri 
A,@DPTR 
@Ri,A 
@DPTR,A 


direct 


direct 
A,Rr 
A,direct 
A,@Ri 
A,@Ri 


description 


Move register to A 

Move direct byte to A 

Move indirect RAM to A 

Move immediate data to A 

Move A to register 

Move direct byte to register 

Move immediate data to register 

Move A to direct byte 

Move register to direct byte 

Move direct byte to direct 

Move indirect RAM to direct byte 

Move immediate data to direct byte 
Move Ato indirect RAM > 

Move direct byte to indirect RAM 

Move immediate data to indirect RAM 
Load data pointer with a 16-bit constant 
Move code byte relative to DPTR toA 
Move code byte relative to PC toA 

Move external RAM (8-bit address) to A 
Move external RAM (16-bit address) to A 
Move A to external RAM (8-bit address) 
Move A to external RAM (16-bit address) 
Push direct byte onto stack 

Pop direct byte from stack 

Exchange register with A 

Exchange direct byte with A 

Exchange indirect RAM with A 
Exchange LOW-order digit indirect RAM with A 


bytes/ 
cycles 


1 
2 
1 
2 
1 
2 
2 
2 
2 
3 
3 
3 
i 
ne 
: 
1 
1. 
1 
4 
1 
1 
2 
2 
1 
2 
1 
1 


mm eanNnN NYO NNO NN NY NY AN A NYNNYNNN | BAND = = = = a= 


opcode 
(hex.) 


E* 
E5 
E6, E7 
74 
E* 
A* 


= 


F5 
8* 
85 
86, 87 
75 


F6,F7 


AG, A7 
76,77 


90 
93 


83 
E2,E3 
EO 
F2,F3 
FO 
CO 
DO 
Ce 
C5 
C6, C7 
D6, D7 
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mnemonic 


description 


Boolean variable manipulation 


CLR. 
CLR 
SETB 
SETB 
CPL 
CPL 
ANL 
ANL 
ORL 
ORL 
MOV 
MOV 
Program 
ACALL 
LCALL 
RET 
RETI 
AJMP 
LJMP 
SJMP 
JMP 
JZ 
JNZ 
JC 
JNC 
JB 
JNB 
JBC 
CJNE 
CJNE 
CJNE 
CJNE 
DJNZ 
DJNZ 
NOP 


C 


bit 
C,bit 
C,/bit 
C,bit 
C,/bit 
C,bit 
bit,C 


Clear carry flag 

Clear direct bit 

Set carry flag 

Set direct bit 

Complement carry flag 

Complement direct bit 

AND direct bit to carry flag 

AND complement of direct bit to carry flag 
OR direct bit to carry flag 

OR complement of direct bit to carry flag 
Move direct bit to carry flag 

Move carry flag to direct bit 


and machine control 


addr11 
addr16 


addr11 
addr16 

rel 
@A+DPTR 
rel 

rel 

rel 

rel 

bit,rel 
bit,rel 
bit,rel 
A,direct,rel 
A,#data,rel 
Rr,#data, rel 
@Ri,#data,rel 
Rr,rel 
direct,rel 


Absolute subroutine call 

Long subroutine call 

Return from subroutine 

Return from interrupt 

Absolute jump 

Long jump 

Short jump (relative address) 

Jump indirect relative to the DPTR 

Jump if A is zero 

Jump if A is not zero 

Jump if carry flag is set 

Jump if no carry flag 

Jump if direct bit is set 

Jump if direct bit is not set 

Jump if direct bit is set and clear bit 

Compare direct to A and jump if not equal 
Compare immediate to A and jump if not equal 
Compare immed. to reg. and jump if not equal 
Compare immed. to ind. and jump if not equal 
Decrement register and jump if not zero 
Decrement direct and jump if not zero 

No operation 


PCB85C51 


bytes/ opcode 
cycles (hex.) 


NRO NO RN NR NR NY DO | HNO —] NY — 


~" WH WWW WWWWNYNDNY DY DY HH NY WN | HH] W NY 


C3 
C2 
D3 
D2 
B3 
B2 
82 
BO 
72 
AO 
A2 
92 


NO —= RQ KROQ NO NO =| =| = = = — 


®\ addr 
12 

22 

32 
A1addr 
02 

80 

73 

60 

70 

40 

50 

20 

30 

10 © 
B5 

B4 

B* 
B6, B7 
D* 
D5 

00 


=~ NNMN NM NY NY NY NY NM NY NH DH HY NH NH NM NM NY NM ND HO 
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Notes to Table 2 
Data addressing modes 


Rr 
direct 
@Ri 


#data 
#datal 6 
bit 
addr16 


addr11 


rel 


Working register RO-R7. 
128 internal RAM locations and any special function register (SFR). 


Indirect internal RAM location addressed by register RO or R1 of the actual register 
bank. 


8-bit constant included in instruction. 
16-bit constant included as bytes 2 and 3 of instruction. 
direct addressed bit in internal RAM or SFR. 


16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere 
within the 64 K-byte program memory address space. 

11-bit destination address. Used by ACALL and AJMP. The branch will be within the 
same 2 K-byte page of program memory as the first byte of the following instruction. 


Signed (two’s complement) 8-bit offset byte. Used by SJMP and all conditional jumps. 
Range is —128 to + 127 bytes relative to first byte of the following instruction. 


Hexadecimal opcode cross-reference to Table 2 
*: 8,9, A,B,C, D, E, F. 

@: 11,31, 51, 71,91, B1, D1, F1. 

4: 01, 21, 41, 61, 81, Al, C1, E1. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Input voltage on any pin 


with respect to ground (Vss) V\ —~O05to+7 V 
Input, output current +1),1Q max. 10 mA 
Total power dissipation Prot max. 1 W 
Storage temperature range T stg —65 to +150 °C 
Operating ambient temperature range Tamb Oto +70 °C 


D.C. CHARACTERISTICS 


Vcc = 5 V (+ 10%); Ves = OV; Tamb = 0 to + 70 OC; all voltages with respect to Vss unless 
otherwise specified. 


Supply voltage 
Supply current 


operating (note 1) Icc — 30* MA | foLK = 12 MHz 
: Idle mode (note 2) Icc — 10* mA | fo_K = 12 MHz 
fa Power Down current | Ipp — 100* vA | Vec= 2 V (note 3) 
= 
ul! Inputs 
5 LOW level input voltage 
1 (except EA) VIL —0,5 0,2Vcc—0,1/V 
i LOW level input voltage 
Qa | (EA) Vind —0,5 0,2Vcc—0,3| V 
HIGH level input voltage | 
(except XTAL 1, RST) Vin 0,2Vcec +09! Vect+0,5 {Vv 
HIGH level input voltage 
(XTAL 1, RST) Vint | 9,7Vee Vect+0,5 {Vv 
Input current logic 0 
(Ports 1, 2 and 3) —lin | - 50 vA | V;=0,45 V 
Input current logic 1 to 0 
transition 
(Ports 1, 2 and 3) —ItL | - 500 vA | V,=2V 
Input leakage current 
(Port 0, EA) +1 Y — 10 uA | 0,45V<Vi<Vee 


* Preliminary value for 85C51 only. Current for piggy-back EPROM must be added. 
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D.C. CHARACTERISTICS (continued) 


Outputs 


LOW level output voltage (note 4) 
(Ports 1, 2 and 3) 


LOW level output voltage (note 4) 
(Port 0, ALE, PSEN) 


| HIGH level output voltage 


lol = 1,6 mA. 


lot = 3,2 mA. 


—IQyH = 80 BA; 


(Ports 1, 2 and 3) 7 
Vcc = 5 Vt 10% 
| —-lon = 30 LA 
|—loH = 10 uA 


HIGH level output voltage (note 5) 
(Port O in external 


—Ioy = 400 pA; 


Bus mode, ALE, PSEN) 
Vec=5 Vi 10% 
—lIOyH = 150 uA 


RST pull-down resistor 


1/O pin capacitance test freq. = 1 MHz; 
Tamb = 25 °C 


UA oeesAlL NCS MAANgU RY oA end abs 


Notes to the d.c. characteristics 


1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with 
tp =tp= 10 ns, Vip = Vsst+ 0,5 V, Vin = Vec —0,5 V; 
XTAL 2 not connected; EA = RST = Port 0 = Vcc. 
2. The Idle mode supply current is measured with all output pins disconnected; 
XTAL 1 driven t, = tf = 10 ns, Vjp = Vgg + 0,5 V, ViH = Vcc —0,5 V; 
XTAL 2 not connected; EA = Port 0 = Vcc; RST = Vss. 


3. The Power Down current is measured with all output pins disconnected; 
XTAL 2 not connected; EA = Port 0= Vcc; RST = Vs. 


_ 4, Capacitive loading on Port O and Port 2 may cause spurious noise pulses to be superimposed on the 
LOW level output voltage of ALE, Port 1 and Port 3. The noise is due to external Bus capacitance 
discharging into the Port 0 and Port 2 pins when these pins make a 1-to-0 transition during Bus 
operations. In the most adverse condition (capacitive loading > 100 pF) the noise pulse on ALE 
line may exceed 0,8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or 
use an address latch with a Schmitt trigger STROBE input. 


5, Capacitive loading on Port O and Port 2 may cause the HIGH level output voltage on ALE and 
PSEN to momentarily fall below the 0,9 Vcg¢ specification when the address bits are stabilizing. 


340 August 1986 | 


Single-chip 8-bit microcontroller | PCB85C51 


A.C. CHARACTERISTICS (Non-standard pins. See Fig. 18) 


Conditions: 12 MHz clock, C_ = 80 pF on A0-A13 
C, = 100 pF on PSEN, ALE 
Vcc =+5V +t 10%, Tamb = 0 to + 70 OC 


oe 


ALE pulse width 
Address set up to ALE 


ns 
Address hold up after ALE — | ns 
PSENE width — ns 
PSENE, ALE cycle time — ns 
PSENE to valid emulation 

instruction in — ns 
Input emulation instruction 

hold after PSENE ~ ns 
Address to valid emulation 

instruction in 320 ns 
ALE to PSENE aes ns 


A § 
a 
= 
Q 
- 
= 
Lu 
= 
Oo. 
O 
awd 
Li : 
> 
Lid 
QO 
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A.C. CHARACTERISTICS (Standard pins) 


Vec=5 V + 10%; Vss = OV; Tamb = 0 to + 70 °C; Cy = 100 pF (Port 0, ALE and PSENE); 
C, = 80 pF (all other outputs); unless otherwise specified (see waveforms Figs 14, 15 and 16) 


parameter | 


Program memory 


ALE pulse duration 160 


Address set-up 
time to ALE 
Address hold time 
after ALE 


Time from ALE to valid 
instruction input 


Time from ALE to 
control pulse PSEN 


Control pulse 
duration PSEN 


Time from PSEN to valid 
instruction input 


Input instruction hold 
time after PSEN 


Input instruction float 
delay after PSEN* 


Address valid after PSEN* 


Address to valid 
instruction input 


Address float time 
to PSEN 


127 


215 


10 MHz 12 MHz variable clock ; 
symbol unit 
"Fn Jr [rie [rn [in ine 


| ns 
ns 
ns 
ns 
ns 
ns 
3tcK—125 | ns 
ns 


teK-20 {ns 


ns 
5tcK—115 | ns 


ns 


* Interfacing the PCB85C51 to devices with float times up to 75 ns is permitted. This limited bus 


contention will not cause damage to Port 0 drivers. 
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10 MHz 12 MHz variable clock 
symbol unit 


6tcK—100 | — ns 
6tcK—100 | — ns 


parameter 


External data memory 
RD pulse duration 


WR pulse duration 


Address hold time 
after ALE 


RD to valid data input 
Data hold time after RD 
Data float delay 


tcK—35 — 
—_ 5tcK—165 
O a 


after RD _ 2tcK—70 
Time from ALE to 

valid data input — 8tcK—150 
Address to valid 

data input — Itc —165 
Time from ALE to . 


<q RD or WR 3tcK—-50 | 3tcK+50 
|= 
- Time from address to 
= RD or wae _ 4tc,«—130} — 
< | Time from RD or WR | 
= HIGH to ALE AGH tcK—40 tcK+40 
° Data valid to WR 
S transition tcK-60 | - 
ra Data set-up time 
before WR 7tcK—150 | — 
Data hold time after WR tcK—-50 | - 
Address float delay 
after RD — 12 


Where: 
1/tcK = 3,5 to 12 MHz and are preliminary values (see Fig. 13 and Table 3). 
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A.C. CHARACTERISTICS (continued) 


2,0V 2,0V 
24V 


0,45V 


test points 


(a) 


2,4V 


2,4V 


0,45V 0,45V 


(b) 7287542 


Fig. 12 A.C. testing input, output waveform (a) and float waveform (b). 


A.C. testing inputs are driven at 2,4 V for a logic 1 and 0,45 V for a logic 0. Timing measurements are 
taken at 2,0 V for a logic 1 and 0,8 V for logic 0. The float state is defined as the point at which a_ 
Port 0 pin sinks 3,2 mA or sources 400 yA at the voltage test levels. ae ae 


igteas 
Fig. 13 External clock drive XTAL 1 (see Table 3). 


Table 3 External clock drive XTAL 1 (see Fig. 13). 


variable clock 
(f = 3,5 to 12 MHz) * 


max. 
83,3 286 


parameter 


Oscillator clock period ns 


HIGH time tcK-tLow ns 
LOW time tcK-tHIGH ns 
rise time 20 ns 
fall time 20 ns 


* Preliminary values. 
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<«— ty | —>|<—_—_—__ t,_ yw’ -—> 


ALE 
<«—t)c—» 
ea: ee 
PSEN 
| [-*-TAFC 
—TLA> ‘CIF 
—|tAL C1 


—>| to 
__—_—— taiy —____> 


PORT 2 4 address AD8 to AD15 or address AD8 to AD15 or 
special function registers (SFR) special function registers (SFR) 


7287549.1 


~ 
E Fig. 14 Read from program memory via Port 0 and Port 2. 
Q 
= 
Lu — >| TWHLH |*— 
= < tLp 
Oo. ALE 
Oo 
a | 
LL 
> 
Lid 
QO 

PSEN 

<——_— tt yw —__> |< ___________ typ ———______» 
RD 
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Fig. 15 Read from data memory via Port O and Port 2. 
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Fig. 16 Write to data memory via Port 0 and Port 2. 
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Fig. 17 Instruction cycle timing. 
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D.C. characteristics for non-standard signals (PSENE, A0-A13, DO-D7) 


PCB85C51 (Vcc = 4,5 to 5,5 V) 


| Non-standard pins 
VoL output LOW voltage 
VOH output HIGH voltage 
Vit input LOW voltage 
Vin input HIGH voltage 


—e PSENE 
Vo, output LOW voltage 
VOH output HIGH voltage 


ALE. 
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q ae 
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Fig. 
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Fig. 19 Connection diagram for piggy-back package. 


DEVELOPMENT DATA 


Jumpers with a length of 15,24 mm for connecting M1 and M2 to Vss or Vcc may be ordered via 
catalogue number 4312 065 01138. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


PCD3315C 


CMOS MICROCONTROLLER FOR TELEPHONE SETS 


GENERAL DESCRIPTION 


The PCD3315C is a single-chip 8-bit microcontroller fabricated in CMOS and is a member of the 
PCD3343 family. It has special on-chip features for application in telephone sets. 


Features 


8-bit CPU, ROM, RAM, 1/O ina single 28-lead DIL or SO package 

1536 ROM bytes 

160 RAM bytes 

20 quasi-bidirectional I/O port lines _ 

Two test inputs: one of which is also the external interrupt input (CE/TO) 
Single-level vectored interrupts: external, timer/event counter 

8-bit programmable timer/event counter 

Over 80 instructions (based on MAB8048, MAB8400, PCD3343 and PCF8500) 
All instructions 1 or 2 cycles 

Clock frequency 100 kHz to 10 MHz 

Single supply voltage from 1,8 V to6 V 

Low standby voltage and current 

STOP and IDLE mode 

On-chip oscillator with output drive capability for peripherals 

Configuration of all |/O port lines individually selected by mask: pull-up, open drain or push-pull 
Power-on-reset circuit and low supply voltage detection 

Reset state of all ports individually selected by mask 

Operating temperature range: —25 to + 70 °C 


PACKAGE OUTLINES 


PCD3315CP: 28-lead DIL; plastic (SOT-117). 
PCD3315CT: 28-lead mini-pack; plastic (SO-28; SOT-136A). 
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Fig. 1 Block diagram; PCD3315C. 
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7286142 
(a) (b) 
Fig. 1a Replacement of dotted part in Fig.1, -—-*Fig. 1b Replacement of dotted part in Fig. 1, 
for the PCD8500F bond-out version. for the PCF8500B ‘Piggy-back’ version. 
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CMOS microcontroller for telephone sets PCD3315C 


PINNING 


PCD3315C 


7297152 


Fig. 2 Pinning diagram: PCD3315C. 


PIN DESIGNATION | 
3 n.c. not connected 
4-11. POO-PO7 Port 0: 8-bit quasi-bidirectional !/O port. 


12 CE/TO Interrupt/Test 0: external interrupt input (sensitive to positive-going edge 
edge)/test input pin; when used as a test input directly tested by 
conditional branch instructions JTO and JNTO. 


DEVELOPMENT DATA 


13 T1 Test 1: test input pin, directly tested by conditional branch instructions 
JT1 and JNT1. T1 also functions as an input to the 8-bit timer/event 
counter, using the STRT CNT instruction. 


14 Vss Ground: circuit earth potential. 


15 XTAL 1 Crystal input: connection to timing component (crystal) which determines 
the frequency of the internal oscillator; also the input for an external 
clock source. 


16 XTAL 2 connection to the other side of the timing component. 

17 RESET Reset input: used to initialize the processor (active HIGH), or output of 
power-on-reset circuit. 

18-25 P10-P17. — Port 1: 8-bit quasi-bidirectional |/O port. 

26,27,1,2  P20-P23 Port 2: 4-bit quasi-bidirectional !/O port. 

28 VDD Power supply: 1,8 V to 6 V. 
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D.C. CHARACTERISTICS 


Vpp = 2,5 to 6V; Vss = 0 V; Tampb = —25 to + 70 °C; all voltages with respect to Vso; f = 3,58 MHz 
with Rs = 50 £2; unless otherwise specified. 


Supply voltage 
operating 
STOP mode for RAM retention 


Supply current 

operating 
at Vpp =3 V 

IDLE mode 
at Vpp =3 V 

STOP mode (note 1) 
at Vpp = 1,8 V; Tamb = 25 OC 
at Vpp = 1,8 V: Tampb = 55 OC 
at Vpp = 1,8 V; Tamb = 70 OC 


RESET 1/O a. 
Switching level 


Sink current 
at Vpp > VRESET 


Inputs 
Input voltage LOW 
Input voltage HIGH 


Input leakage current 
at Vss < Vi < Vpp 


Outputs 


Output voltage LOW 
at Vj = Vgs or Vpp; Ilol << 1 uA 


Output sink current LOW 
at Vpp =3 V; Vo = 0,4 V 


Pull-up output source current HIGH 
at Vpp = 3 V; Vo = 0,9Vpp 


at Vpp =3 V; Vo=Vss 
Push-pull output source current HIGH 
at Vpp = 3 V; Vo = Vpp—0,4 V 


Note 1 


Crystal connected between XTAL 1 and XTAL 2; pin 2 pulled to Vpp via 5,6 kQ. resistor; 
CE and T1 at Vcc. : 
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This data sheet contains advance information and 


PCD3343 


specifications are subject to change without notice. 


CMOS MICROCONTROLLER FOR TELEPHONE SETS 


GENERAL DESCRIPTION 


The PCD3343 is a single-chip 8-bit microcontroller fabricated in CMOS. !t has special on-chip features 
for application in telephone sets. 

The device is mask programmable, designed to provide telephone dialling facilities such as redial, 
repertory dial, emergency call, keyboard scan and control for liquid crystal display, pulse dial and/or 
DTMF dial via dedicated peripheral. 


Features 


8-bit CPU, ROM, RAM, I/O ina single 28-lead DIL or SO package 

3 K ROM bytes 

224 RAM bytes 

20 quasi-bidirectional !/O port lines _ 

Two test inputs: one of which is also the external interrupt input (CE/TO) 

Single-level vectored interrupts: external, timer/event counter, serial 1/O 

Serial 1/O which can be used in bus systems with more than one master (serial |/O data via an 
existing port line and clock via a dedicated line) 

8-bit programmable timer/event counter 

Over 80 instructions (based on MAB8048, MAB8400 and PCF8500) 

All instructions 1 or 2 cycles 

Clock frequency 100 kHz to 10 MHz 

Single supply voltage from 1,8 V to6 V 

Low standby voitage and current 

STOP and IDLE mode 

On-chip oscillator with output drive capability for peripherals (e.g. PCD3312 DTMF generator) 
Configuration of al! 1/O port lines individually selected by mask: pull-up, open drain or push-pull 
Power-on-reset circuit and low supply voltage detection 

Reset state of all ports individually selected by mask 

Operating temperature range: —25 to + 70 °C 


PACKAGE OUTLINES 


PCD3343P : 28-lead DIL; plastic (SOT-117). age 
PCD3343D: 28-lead DIL; ceramic (CERDIP) (SOT-135A). 
PCD3343T : 28-lead mini-pack; plastic (SO-28; SOT-136A). 
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CMOS microcontroller for telephone sets 


PINNING 


p22 [1 Vop 
P23 | 2 | P21 
SCLK | 3 | P20 
poo [4 | P17 
Por | 5. P16 
Po2 |6| P15 
PO3 P14 
PCD3343 
poa | 8] P13 
Pos | 9 P12 
POG | 101 Pit 
Po7 |11| P10 
CE/TO [12] RESET 
Tr [13 XTAL2 
Vsg 414] XTALI 


7287783 


Note CE/TO is labelled INT/TO on the PCF8500B and has inverted polarity. 


PCD3343 


Fig. 2 Pinning diagram: PCD3343 and bottom pinning PCF8500B. 


PIN DESIGNATION 


3 
4-11 
12 


13 


14 
15 


16 
17 | 


18-25 
26,27, 1,2 


28 


SCLK 
POO-P07 
CE/TO 


T1 


Vss 
XTAL 1 


XTAL 2 
RESET 


P10-P17 
P20-P23 


Vpp 


Clock: bidirectional clock for seria! 1/O. 
Port 0: 8-bit quasi-bidirectional 1/O port. 


Interrupt/Test 0: external interrupt input (sensitive to positive-going 
edge)/test input pin; when used as a test input directly tested by 


conditional branch instructions JTO and JNTO. 


Test 1: test input pin, directly tested by conditional branch instructions 
JT1 and JNT1. T1 also functions as an input to the 8-bit timer/event 


counter, using the STRT CNT instruction. 
Ground: circuit earth potential. 


Crystal input: connection to timing component (crystal) which determines 
the frequency of the internal oscillator; also the meer for an. external 


clock source. 
connection to the other side of the timing component. 


Reset input: used to initialize the processor (active HIGH), or output of 


power-on-reset circuit. 
Port 1: 8-bit quasi-bidirectional |/O port. 


Port 2: 4-bit quasi-bidirectional |/O port. P23 | is the ula data 


input/output i in serial 1/O mode. 
Power supply: 1,8 Vto6V. 
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PINNING (continued) 
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DD | 1 D 
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Fig. 3 Pinning diagram: PCF8500B 
‘Piggy-back’ version top pinning; 
to access a 2732 or 2764 EPROM. 


Fig. 3a Connection of EPROM to 
‘Piggy-back’ package PCF8500B. 


PIN DESIGNATION 
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14, 22 Vss Ground 

1, 26-28 Vpop Power supply 

10-3, 25, 24, 21,23,2 AQ-Ai2 Address outputs — 
11-13, 15-19 DQ-D7 Data 

20 PSEN Program store enable 
Notes 


1. RAM capacity of PCF 8500B is 256 bytes. 
2. Access time for ROMS/EPROMS to be below 7 x 1/fy Tat. 


3. Pin 12 CE/TO is on the PCF8500B, inverted and labelled INT/TO. 
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CMOS microcontroller for telephone sets PCD3343 


FUNCTIONAL DESCRIPTION 


Bond-out version PCF8500F 


The PCF8500F is a microcontroller that contains no on-board ROM, but has all address and data Jines 
brought-out to access an external ROM or EPROM. This version has more pins than the PCD3343 
with on-board ROM (see Fig. 1a). The RAM has 256 bytes. It can address 8 K bytes of ROM. 


‘Piggy-back’ version PCF8500B 


The PCF8500B is a special package that has standard pinning to the bottom which facilitates insertion 
as a mask-programmed device. An EPROM can be mounted on top in an additional socket. The total 
package height is greater than the standard DIL package. The RAM has 256 bytes and can also address 
8 K bytes of program memory. 


Program memory PCD3343 


The program memory consists of 3072 bytes (8-bit words), in a read-only memory (ROM). Each 
location is directly addressable by the program counter. The memory is mask-programmed at the 
factory. Figure 4 shows the program memory map. 


Four program memory locations are of special importance: 


® Location 0; contains the first instruction to be executed after the processor is initialized (RESET), 
@ Location 3; contains the first byte of an external interrupt service subroutine, 

@ Location 5; contains the first byte of a serial I/O interrupt service subroutine, 

@ Location 7; contains the first byte of a timer/event counter interrupt service subroutine. 


Program memory is arranged in banks of 2 K bytes, which are selected by SEL MB instructions. The 
program memory is further divided into location ‘pages’, each of 256 bytes. This latter division applies 
only for conditional branches. Memory bank boundaries can be crossed only by using the unconditional 
branch instructions after the appropriate memory bank has been selected. A CALL instruction can 
transfer control to a subroutine on any ‘page’; RET and RETR instructions can transfer control from 

a subroutine back to the main program. 


Data memory PCD3343 


Data memory consists of 224 bytes (8-bit words), random-access data memory (RAM). All tocations 
are indirectly addressable using RAM pointer registers; up to 16 designated locations are directly 
addressable. Memory also includes an 8-level program counter stack addressed by a 3-bit stack pointer. 
Figure 5 shows the data memory map. 


Working registers 


Locations O to 7 are designated as working registers, directly addressable by the direct register 
instructions. Ease of addressing, and a minimum requirement of instruction bytes to manipulate 
their contents, makes these locations suitable for storing frequently addressed intermediate results. 
This bank of registers can be selected by the SEL RBO instruction. 


Executing the select register bank instruction SEL RB1, designates locations 24 to 31 as working 
registers, instead of locations 0 to 7, and these are then directly addressable. This second bank of 
working registers may be used as an extension of the first or reserved for use during interrupt service 
subroutines saving the first bank for use in the main program. If the second bank is not used, locations 
24 to 31 may serve as general purpose RAM. 


The first locations of each bank contain the RAM pointer registers RO, R1, RO’ and R1’, which 
indirectly address all RAM locations. 


All RAM locations make efficient program loop counters when used with the decrement register and 
test instruction DJNZ. 
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FUNCTIONAL DESCRIPTION (continued) 


PCD3343 <r (1) PCF8500B “| 


SEL MB1 
2048 f USER 
aoe PCD3343 [ 223[— ~ Ram ~~ 
addressed 
SEL MBO ' indirectly , 
through pointers 
RO, R1, RO’, R17’ 


(1) The program memory of PCF8500 
from 4 K to 8 K can be used 


via SEL MB 2 and SEL MB3 


. WORKING directly 
instructions REGISTERS addressable 
when bank 1 
is selected 


8 LEVEL 
STACK 
or Pe 
USER RAM 
8 16x 8 
7 location 7 : timer/counter interrupt vector 
6 
5 location 5: serial |/O interrupt vector | 
3 location 3: external interrupt vector REGISTERS addressable 
2 when bank 0 
1 is selected 
0 location 0: reset vector 7287786 
7287787. 
Fig. 4 Program memory map. eee Fig. 5 Data memory map. 


Program counter stack 


Locations 8 to 23 may be designated as an 8- level program counter stack (2 | locations per level), or as 
general purpose RAM. The program counter stack (Fig. 6) enables the processor to keep track of the 
return addresses and status generated by interrupts or CALL instructions by storing the contents of 
the program counter prior to servicing the subroutine. A 3-bit stack pointer determines which of the 
eight register pairs of the program counter stack will be loaded with next generated return address. 


The stack pointer, when initialized to O00 by RESET, points to RAM locations 8 and 9. On the first 
subroutine CALL or interrupt, the contents of the program counter and bits 4, 6 and 7 of the program 
status word (PSW) are transferred to locations 8 and 9. The stack pointer increments by one and. 
points to locations 10 and 11 ready for another CALL. Because an address may be up to 13 bits long, 
two bytes must be used to store each address. 


At the end of a subroutine, which is signalled by a return instruction (RET or RETR), the stack 
pointer decrements by one and the contents of the register pair on top of the stack are transferred to 
the program counter. The saved PSW bits are transferred to the PSW only by the RETR instruction. 


If not all 8 levels of subroutine and interrupt nesting are used, the unused portion of the stack may be 
used as any other indirectly addressable RAM locations. Possible locations from 32 to 223 may be 
used for storage of program variables or data. 


Nesting of subroutines within subroutines can continue up to 8 times without overflowing the stack. 
If overflow does occur the deepest address stored (locations 8 and 9) will be overwritten and lost 
since the stack pointer overflows from 111 to 000. It also underflows from 000 to 111. 
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The value of the saved contents of the program counter is different for an interrupt CALL compared 
to a normal CALL to subroutine. With an interrupt CALL, the program counter return address is 
saved; with a subroutine CALL, the saved program counter value is one less than the program counter 
return address. 


STACK 
7287323 
POINTER Bie 


MSB LSB 


Fig. 6 Program counter stack. 


IDLE and STOP modes 
IDLE mode 


When the microcontroller enters the IDLE mode via the IDLE instruction (H’01’) the oscillator, 
timer/counter and serial |/O are kept running. The microcontroller exits from the |DLE mode by one 
of three interrupts if they are enabled or by activating a RESET. If the interrupt is not enabled the 
processor will remain in the IDLE mode. An active signal on the RESET pin restarts the micro- 
controller and a normal RESET sequence is executed (see Fig. 7). 


DEVELOPMENT DATA 


program 
IDLE counter = 0 
NORMAL MODE IDLE MODE NORMAL MODE 
PROGRAM FLOW iat a 
RESET 
aie tRES ; 1866 
>1us clock periods 7287788 


Fig. 7 Exit from 1DLE mode via a RESET. 
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FUNCTIONAL DESCRIPTION (continued) 


An active signal coming from an enabled interrupt causes the execution of the normal interrupt 
routine since normal interrupt scanning is still being carried out. A LOW-to-HIGH transition on the 
external interrupt pin (CE/TO) reactivates the microcontroller. A HIGH level applied to CE/TO will 
reactivate the microcontroller only in the STOP mode. Thus, if CE/TO was HIGH before the micro- 
controller entered the iDLE mode, it must go LOW before the microcontroller can be reactivated 
(see Fig. 8). 


IDLE program 


counter = 003 
————- IDLE MODE —_—_> 


NORMAL MODE NORMAL MODE 


PROGRAM FLOW 


OSCILLATOR HEEEEELLLLE PEELE EE EEELEL ELL EEELLEEL PEELE TPE EEEELET EEE 
CE/TO WM 


. >4 - <= 60 —» 


clock clock clock 
periods periods periods 7287789 


Fig. 8 Exit from [DLE mode via an interrupt. 


Wake-up from the IDLE mode is ensured when CE/TO is LOW for 4 CP (clock periods) followed by a 
HIGH for 7 CP. After the initial forced CALL H‘003’ operation (60 CP) the program continues with 
the external interrupt service routine. 


STOP mode 


The microcontroller enters the STOP mode by the STOP instruction (H‘22’). The oscillator is switched 
off. The internal status of the CPU, RAM contents and the state of I/O ports are not affected. The 
microcontroller can be brought-out of the STOP mode by an active signal at the external interrupt 
input or by an external RESET signal. When one of these two signals is applied an internal delay of 
1866 CP is provided to ensure that all internal clocks are operating correctly before restart (see Fig. 9). 


If the microcontroller exits from the STOP mode by activating RESET, a normal RESET sequence is 


executed. 
program counter = 


STOP 0 or 003 
NORMAL MODE STOP MODE NORMAL MODE 
PROGRAM FLOW —————$—$—$—$ $F fn 


RESET 


"RES _ 1866 _, 


>1ys clock periods 


CE/TO WM 


tiNT _ 1866 ‘ 
>1us_ clock periods 7287790 


—pP 


Fig. 9 Entering and exiting the STOP mode. 
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lf the microcontroller exits the STOP mode by pulling the external interrupt input pin HIGH, an 
interrupt sequence is executed only if the external interrupt is enabled. In this event the micro- 
controller resumes the normal program sequence after returning from the interrupt routine, as in the 
normal mode. If the interrupt is not enabled, it continues the normal program sequence, executing the 
instruction following the STOP instruction. 


The microcontroller is restarted by a HIGH level applied at the CE/TO pin, and not by a LOW-to-HIGH 
transition as in a normal interrupt mechanism. 


When the CE/TO level is active during the STOP instruction then no STOP is executed. 


A HIGH level on the external interrupt input of at least 1 us will cause the microcontroller to exit the 
STOP mode. 


1/O facilities 
The PCD3343 family has 23 1/O fines arranged as: 


Port O parallel port of 8 lines (POO to P07) 
@® Port 1 parallel port of 8 lines (P10 to P17) 
@ Port 2 parallel port of 4 lines (P20 to P23) 
® SCLK - serial |/O consisting of a data line shared with a parallel port line (P23) and a separate 
___ clock line SCLK 
CE/TO external interrupt and test inout. When used as a test input can be directly tested by 
conditional branch instructions JTO and JNTO 


<{ | 
E eT] test input which can alter program sequences when tested by conditional jump instructions 
QO JT1 and JNT1. T1 also functions as an input to the 8-bit timer/event counter. 
— 
= 
= Parallel ports 
a Ail parallel ports can be used as outputs or inputs, their structure is quasi-bidirectional. 
_| Output data written to a port is latched and remains unchanged until rewritten. 
S Input data is not latched and so must be present until read by an input instruction. 
Ld ; ; : : 
QO = Input lines are fully CMOS compatible, output lines can drive one LS-TTL or CMOS load. 
+-—-——— CYCLE 1 ——-_—» |} «#-—-—— CYCLE 2 ———__> 
IME e235 8 Bi OO ers Bid 18 i Te DAO 
SLOT anes 


I 
{ 
| 
| 
| 
DATA 
a | ANL 
| 
i 
Pe aE CE \ 
: 7 
PO,P1,P2 x DATA OUT X 


ALL PORTS FOR IN AND OUTL INSTRUCTIONS 
7287791 


Fig. 10 Timing diagram of all ports on IN and OUTL instructions; for ANL and ORL instructions, 
the ports change on the time slot 7 of cycle 2. 


Fig. 11 shows the quasi-bidirectional |/O interface with push-pull output and switched pull-up current 
source. 

Each line is pulled up to Vpp via a constant current source (TR4), which is enabled via TR3 whenever 
one of the two output latches contains a logic 1. This current provides sufficient source current for a 
TTL HIGH level, yet can be pulled LOW by an external CMOS device, thus allowing the same pin to 
be used for both input and output. 
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FUNCTIONAL DESCRIPTION (continued) 


When a logic 1 is written to the line for the first time (MQ = 1,SQ= 0), TR2 is switched on for the: 
duration of the internal write pulse (one oscillator period), to provide a fast transition from logic 0 to 
logic 1. Subsequent writing of a logic 1 to the port lines will not switch TR2 on. This prevents 
unnecessary current through external components connected to the port lines of the same Ror which 
might be in the input mode and also connected to ground. 

When a logic 0 is written to the line, TR3 switches off the current source. Current sinking capability 

is provided by TR1, which is now switched on. When used as an input, a logic 1 must first be written 

to the line, otherwise TR1 will remain low impedance. | 

In telephone applications this switched pull-up source may not be sufficient. Therefore the PCD3343 

offers the possibility to select individually 19 of the 20 parallel port pins (not P23), by the following 

mask options: 

Option 1- STANDARD PORT; quasi-bidirectional |/O with switched pull-up current source of 100 nA 
(typ.) and P-channel booster transistor TR2 (1,5 mA). TR2 is only active during 1 clock 
cycle (0,28 us at 3,58 MHz). 

Option 2- OPEN DRAIN, quasi-bidirectional 1/O with only an N- hanna open drain output. 
Application as an output requires connection of an external pull-up resistor (Fig. 12). 

Option 3- PUSH-PULL OUTPUT; drive capability of the output will be 1,5 mA (typ.) at Vpp = 3 V 
in both polarities. To avoid a large current flowing through the output transistors during the 
input mode, these push-pull pins must only be used as outputs (Fig. 13). 

Also, individual mask selection of the RESET state of these port pins can be achieved by appending 

the following options S and R to options 1, 2 or 3. 


Option S-SET; after RESET this pin will be initialized to HIGH. | 
Option R-RESET; after RESET this pin will be initialized to LOW. 


WRITE PULSE 


DATA BUS 
100 pA 


(typ.) 


-. constant 
current 
source 


1/0 PORT 
a LINE 


ORL/ANL 
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Fig. 11 Standard output with switched pull-up current source. 
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Fig. 12 Open drain output. 


ORL/ANL 


source 


el 1/0 PORT 
LINE 


<< 

i WRITE PULSE Vop 
a) 

— 

5 

> DATA BUS 

r constant 100 pA 
a current (typ.) 
Lu 

> 

LLd 

Q 


ORL/ANL 


7Z87794 


Fig. 13 Push-pull output. 
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FUNCTIONAL DESCRIPTION (continued) 
Serial 1/0 (SIO) 


The PCD3343 has an on-chip serial |/O interface. This SIO interface is a versatile feature in an 
intelligent telephone set, as shown in application diagram Fig. 32. : 


In this application the SIO is used to communicate with the different peripherals, such as: 


@ DTMF generator (PCD3312) 
@ LCD drivers (PCF8577) 
@ Exterrial RAM (PCD8571) 
@ Clock calendar (PCB8573) 


No extra hardware is required for decoding, addressing and data processing. 


Whereas a normal microcontroller must regularly monitor the serial data bus for the presence of data, 
the serial |/O interface detects, receives and converts the serial data stream into parallel format without 
interrupting the execution of the current program. An interrupt is sent to the PCD3343 only when a 
complete byte is received. It then reads the data byte in one instruction. Likewise during transmission 
the serial |/O interface performs parallel to serial conversion and subsequent serial output of the data. 
The microcontroller is only interrupted in the execution of its programmed tasks when a complete 
byte has been transmitted. 


The design of the PCD3343 serial 1/O system allows any number of devices from PCF8500 family 
(clips) to be connected via the two-line serial bus. The ability of any devices to communicate, without 
interrupting the operation of any other devices on the bus, is an outstanding attribute of the system. 
This is achieved by allocating a specific 7-bit address to each device and providing a system whereby a 
device reacts only to a message prefixed with its own address or the ‘general CALL’ address. 

Address recognition is performed by the interface hardware so that operation of the microcontroller 
need only be interrupted when a valid address has been received. This saves significant processing time 
and memory space compared with a conventional microcontroller employing a software serial interface. 
When the addressing facility is not required, for instance in a system with only two microcontrollers, 
direct data transfer without addressing can be performed. In multi-master systems, an automatically 
invoked arbitration procedure prevents two or more devices from continuing simultaneous transmission. 


In NORMAL (running) and IDLE mode, the serial |/O logic remains active; its internal system clock 
will be switched off when there is no activity on the serial bus. 


After execution of the STOP instruction, the oscillator of the PCD3343 is switched off. This means 
that the serial |/O logic will remain in the state it was at the occurance of the STOP instruction. To 
avoid “‘bus block’’ problems and to assure correct start-up of the bus after exit from the STOP mode, 
the user should disable the serial logic (ESO = 0) prior to the execution of the STOP instruction. This 
must be carried out only when the PCD3343 has finished a serial data transfer. 


Serial 1/O interface 


Figure 14 shows the serial 1/O interface. The clock line of the serial bus has exclusive use of pin 3 
(SCLK) while the data line shares pin 2 (serial data) with the |/O line P23 of port 2. When the serial . 
|/O is enabled, P23 is disabled as a parallel port line; (P23 and SCLK only open drain). 


The microcontroller and interface communicate via the internal microcontroller bus and the Serial 
Interrupt Request line. Data and information controlling the operation of the interface are stored in 
four registers: 


® Data shift register (SO) 

® Serial |/O interface status word ($1) 
®@ Serial clock control word ($2} 

® Address register 


RICE NRE ZEEE 
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Data shift register (SO) 


Register SO converts serial data to parallel format and vice versa. A pending interrupt is generated only 
after a complete byte has been transmitted, or after a complete data byte, specific address or ‘general 
CALL’ address has been received. The most significant bit is transmitted first. 

Serial I/O interface status word (S1) 


Register S1 provides information concerning the state of the interface and stores information from the 
microcontroller. Bits 0 to 3 are duplicated: control bits in these positions can only be written by the 
microcontroller, while interface bits can only be read. 


MST and TRX (see Table 1) 
These bits determine the operating mode of the serial 1/O interface. 


Table 1 Operating modes of the serial 1/O interface 


slave receiver 


master receiver 
slave transmitter 
master transmitter 


BB: Bus Busy. 

This is the flag which indicates the status of the bus. 

PIN: Pending Interrupt Not 

PIN = ‘O’ indicates the presence of a pending interrupt, which will! cause a Serial Interrupt Request 
when the serial interrupt mechanism is enabled. 

ESO: Enable Serial output 

The ESO flag enables/disables the serial |/O interface: ESO = ‘1’ enables, ESO = ‘0’ disables. ESO can 
only be written by software. 

BCO, BC1 and BC2 

Bits BCO, BC1 and BC2 indicate the number of bits received or transmitted in a data stream. These 
bits can only be written by software. 

AL: Arbitration Lost 

The arbitration lost flag is set by hardware when the serial I/O interface, as master transmitter, loses a 
bus arbitration procedure. 

AAS: Addressed As Slave 

This flag is set by hardware when the interface detects either its own specific address or the ‘general 
CALL’ address as the first byte of a transfer and the interface has been programmed to operate in the 
address recognition mode. 

ADO: Address Zero 

This flag is set by hardware after detection of the ‘general CALL’ address when the interface is operating 
in the address recognition mode. 

LRB: Last Received Bit 


This contains either the last data bit received or, for a transmitting device in the acknowledgement 
mode, the acknowledgement signal from the receiving device. 


DEVELOPMENT DATA 


Bits AL, AAS, ADO and LRB can only be read by software. 
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FUNCTIONAL DESCRIPTION (continued) 
Serial clock control word (S2) 


Bits 0 to 4 of the clock control register S2 are used to set the frequency of the serial clock signal. When 
a 3,58 MHz crystal is used, the frequency of the serial clock can be varied between 92 kHz and 580 Hz 
(see Table 2). An asymmetrical clock with a HIGH-to-LOW ratio of 3 : 1 can be generated using bit 5. 
The asymmetrical clock allows a microcontroller more time per clock period for sampling the data line, 
making the timing of this action less critical. Bit 6 can be used to activate the acknowledge mode of 
the serial 1/O. S2 is a write only register. 


Address register 


The address register contains the 7-bit address back-up latches and the bit (ALS) used to enable/disable 
the address recognition mode. The address register can be written using the MOV SO, A and MOV SO, 
# data instructions, but only when ESO = ‘0’. 

Serial 1/O interrupt logic 

An EN SI instruction enables and a DIS SI instruction disables the interrupt logic. When the logic is 
enabled, a pending interrupt results in a serial |/O interrupt to the processor, causing a CALL to 


location 5 in the ROM. When disabled, the presence of an interrupt is still indicated by PIN in $1, 
allowing the interrupt to be serviced. However, vectored interrupt will not occur. 
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Table 2 SIO clock pulse frequency control when using a 3,58 MHz crystal . 


hexadecimal fsc_K (kHz) 
S20-S24 code divisor (approximate) 


not allowed 
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FUNCTIONAL DESCRIPTION (continued) 
Table 3 Serial !/O addresses for telephony peripherals 


address 
description 


2K RAM 

2K RAM 

1K RAM 

DTMF dialler 
DTMEF dialler 
LCD driver * 
clock calendar 
8-bit 1/O expander 
1:4 LCD driver 
1: 2 LCD driver 


PCF8570A 
PCF8570 
PCD8571 
PCD3311 
PCD3312 
PCE 2111 
PCD8573 
PCF 8574 
PCF 8576 
PCF 8577 


o-->P3ryY 
NON DN 


- = O-=- O- = OOoOdOo 
=" = = Ododdono-,- — 
—_.--|-aQO0qodddao 


1 
1 
1 
0 
0 
0 
1 
0 
0 
0 


2OyDp0 
NR 


* LCD driver requires an additional enable line. 
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Fig. 14 Seriai 1/O interface. 
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FUNCTIONAL DESCRIPTION (continued) 
Interrupts (see Fig. 15) 


When the external interrupt is enabled, a LOW-to-HIGH transition on the CE/TO input initiates an 
external interrupt subroutine which causes a CALL to program memory location.3 following 
completion of the current instruction. 

The interrupt must remain enabled until the interrupt instruction is completed, otherwise the next 
instruction of the main program will be executed. Serial 1/O interrupt, when enabled, causes a CALL 
to location 5, and a timer/event counter overflow forces a CALL to location 7 when the timer 
interrupt is enabled. 


When an interrupt subroutine starts, the contents of the program counter and bits 4, 6 and 7 of the 
PSW have been saved in the program counter stack. Accumulator contents have to be saved by 
software. Interrupt acknowledgement can be carried out by software via pent pins. All interrupt 
subroutines must reside in memory bank 0. 


Since the interrupt system is single level, once an interrupt is detected, all further interrupt requests 
are latched, but ignored, pending a RETR instruction to re-enable the interrupt input logic. After 
executing RETR, the program continues in the main part; this is independent of the occurance of a 
second interrupt during the running of the first routine. !f 2 or 3 interrupts occur simultaneously, 
their priority is: 

® (1) external 

@ (2) serial I/O 

® (3) timer/event counter 


An external interrupt can be generated by using the timer/counter in the event counter mode. The 
counter is first preset to (H’FF’), then EN TCNTI instruction is executed. A LOW-to-HIGH transition 
of the T1 input will then initiate an interrupt subroutine and cause a CALL to location 7. 


On execution of a DIS | instruction, the PCD3343 always clears the digital filter/latch and the 
External Interrupt Flag. 


The Timer Flag (TF) is reset only when the JTF or JNTF instruction is executed or after RESET. 
The Timer Interrupt Flag is set when timer overflow occurs, only if the timer interrupt is enabled. 
The microcontroller will exit the IDLE mode when any one of the following three interrupts is enabled: 


@ External 

@ Serial !/O 

@ Timer/event counter 

There is no internal pull-up or pull-down device eonneciod to the external interrupt input (pin 12). 
lf required pin 12 must be externally connected to a resistor (R < 100 k&2). When the external 
interrupt is not used pin 12 must be connected to Vss. 
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Fig. 15 Interrupt logic. 


Notes to figure 15 

1. CE/TO positive edge is always latched in the digital filter/latch. 

2. Correct interrupt timing in ensured when CE/TO is LOW for > 4 CP followed by a HIGH for >7 CP. 
3. When the interrupt in progress flag is set, further interrupts are latched but ignored, until RETR is 


executed. 
4. A DIS | instruction always clears a pending external interrupt. 
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FUNCTIONAL DESCRIPTION (continued) 
Oscillator (see Fig. 16) | 


~The 3,58 MHz oscillator can be inhibited by the STOP instruction under software control. It is also 
inhibited when a low-voltage condition is present to prevent discharge of a weak back-up battery. 


Provided the supply voltage is within the operating range, the oscillator will be restarted after a STOP 
instruction by a HIGH level at either the CE/TO or RESET pin. 


PCD 3343 
inhibit 


3,58 MHz 7287795 


Fig. 16 Oscillator with integrated elements. 


The oscillator has the output drive capability for the DTMF generator (PCD3311/3312) via pin 16 
{XTAL 2). An external clock can be applied to pin 15 (KTAL 1). A machine cycle consists of 10 time 
slots, each time slot being 3 oscillator periods. 


In telephony applications the 3,58 MHz crystal provides a 8,4 us machine cycle. The range of the clock 
frequency is from 100 kHz up to a maximum which is a function of the supply voltage (see Fig. 23). 


Timer/event counter (see Fig. 17) 


An internal 8-bit up-counter is provided. This can count external events, modulo-32 machine cycles, or 
machine cycles directly. Table 4 gives the instructions that control the counter and the prescaler, and 
the functions performed. 


When used as a timer, the input to the counter is either the overflow or input of a 5-bit prescaler. 

When used as an event counter, LOW-to-HIGH transitions on pin 13 (T1) are counted. The maximum 

rate at which the counter may be incremented is once every machine cycle (182,6 kHz for a 8,4 us 

machine cycle}. When the counter overflows, the timer flag is set. The flag can be tested and reset using 
_ the JTF (jump if timer flag = 1) or JNTF instruction. Overflow also generates an interrupt to the 

processor via setting of the Timer Interrpt Flag when the timer/event counter interrupt is enabled. 
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Table 4 Timer/event counter control 


timer mode 
function modulo-1, modulo-32* 


CLEAR MOV T,A (A) =0 


counter mode 


MOV T,A (A) = 0 


or RESET or RESET 
PRESET MOV T,A MOV T,A 
START STRT T STRT CNT 
STOP STOP TCNT STOP TCNT 

or RESET or RESET 
TEST JTF/JNTF JTF/JINTF 


READ** MOV A,T MOV.A,T 


PRESCALER 
SZ 


XTAL +30 
(internal clock 
frequency ) 


cleared on 
start timer 


PS= 1 


jump if 
timer flag 
load or read =] 


a EDGE ar 8-BIT 
DETECTOR] Bo TIMER/ 
EVENT 

Cc 


COUNTER 


A= START TIMER 
B = START COUNTER 
C = STOP TIMER/COUNTER 


cleared 
on reset 
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Program status word (see Fig. 18) 


PCD3343 


Fig. 17 Timer/event counter. 


The program status word (PSW) is an 8-bit word (1 byte) in the CPU which stores information about 


the current status of the microcontroller. 
The PSW bits are: 


— 


Fig. 18 Program status word. 


@ Bits 0 to 2 stack pointer bits (SPo, SP1, SP2) 
@ Bit 3 prescaler select (PS); 
0 = modulo-32; 1 = modulo-1 (no prescaling) 
@ Bit 4 working register bank select (RBS); 
0 = register bank O; 1 = register bank 1 
@® Bit 5 not used (1) 
@e Bit6 auxiliary carry (AC); half-carry bit generated by an ADD instruction and used by the 
decimal adjust instruction DA A 
@® Bit 7 carry (CY); the carry flag indicates that previous operation has resulted in an 
overflow of the accumulator. 
saved in saved in ; 
the stack the stack stack pointer 
mF KO 
7 6 5 4 3 2 1 0 
MSB LSB 


7289149 


* With prescaler select, PS = 0, the timer counts modulo-32 machine cycles, with PS = 1 it counts 
modulo-1 cycles (prescaler not used); prescaler cleared with STRT T, prescaler not readable. 


** READ does not disturb the counting process. 


August 1984 


375 


PCD3343 


FUNCTIONAL DESCRIPTION (continued) 
Program status word (continued) 


All bits can be read using the MOV A, PSW instruction. Bits 7 and 6 are set and cleared by CPU 
operation. Bit 4 can be changed by a SEL RB instruction, bit 3 by the MOV PSW,, A instruction, and 

bits 0, 1 and 2 by the CALL, RET or RETR instructions and in the event of an interrupt. Bits 7, 6 and 

4 are stored in the program counter stack during subroutine and interrupt calls. These bits are restored 

in the PSW with a RETR (return and restore) instruction which must be used at the end of an interrupt and 
can be used at the end of a normal subroutine. The RET instruction has no restore feature and cannot 
be used at the end of an interrupt. 


Program counter (see Fig. 19) 


A 13-bit program counter is used to facilitate 8 K bytes of ROM being addressed. The arrangement of 
the bits is shown in figure 19. During an interrupt subroutine PC 14 and PC79 are forced to logic 0. 
All 13 bits are saved in the stack during CALL and interrupt routines. 


Conventional Program Counter 


e counts OOOH to 7FFH 
e overflows 7FFH to OOOH 


JMP or CALL instructions transfer the 
contents of internal flipflopo MBFFO to PC74 
and MBFF 1 to PC12 


(MBFFO) < O by SELMBO or RESET 
(MBFF1) < 0 


(MBFFQO) < 1 by SEL MB1 
(MBFF1) < 0 


(MBFFQO) < O by SEL MB2 
(MBFF1) < 1 


(MBFFO) <— 1 by SELMB3 
7289150 (MBFF1) < 1 


Fig. 19 Program counter. 


Central processing unit 


The PCD3343 has arithmetic, logical and branching capabilities. The DA A, SWAP A and XCHD 
instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction 
permits efficient table look-up from the current ROM page. 


Conditional branch logic 


The conditional branch logic within the processor enables several conditions, internal and external to 
the processor, to be tested by the user’s program. Table 5 lists the conditional jump instructions used 
to change the program sequence. The DJNZ instruction decrements a designated register or data 
memory location and branches if the contents are not zero. This instruction is useful for looping 
control. The JMPP@A instruction allows multiway branches to destinations determined by the contents 
of the accumulator. | 
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Table 5 Conditional branches 


jump condition jump instruction 


accumulator all bits zero JZ 
any bit non-zero JNZ 
accumulator bit test JBO to JB7 
carry flag JC 
JNC 


timer overfiow flag JTF 
JNTF 
test input TO JNTO 
JTO* 
test input T1 JT1 
JNT1 
register DJNZ 


Test input T1 (pin 13) 
The T1 input line can be used as: 


e@ A test input for branch instructions JT1 and JNT1 
@ An external input to the event counter 


When used as a test input: 


@ JT1 instruction tests for logic 1 level 
@ JNT1 instruction tests for logic 0 level 


When used as an input to the event counter, T1 must be LOW for > 4 CP, followed by a HIGH for 
> 4 CP. The transition can be recognized with a repetition rate of once per 30 oscillator clock periods 
(1 machine cycle). 


There is no internal pull-up or pull-down resistor connected to the T1 input. If required it must be 
externally connected to a resistor (R = < 100 k{2). When T1 is not used pin 13 must be connected to 


Vpp or Vss. 


Reset (pin 17) 
A positive-going signal on the RESET input/output: 


@ Sets the program counter to zero 

Selects location 0 of memory band O and register bank O 

Sets the stack pointer to zero (000); pointing to RAM address 8 
Disables the interrupts (external, timer and serial |/O) 

Stops the timer/event counter, then sets it to zero 

Sets the timer prescaler to modulo-32 

Resets the timer flag 

Sets all ports according to reset states - 

Sets the serial I/O to slave receiver mode and disables the serial |/O 
Cancels IDLE and STOP mode 


After the voltage is applied to RESET an internal delay of 1866 CP is introduced before the micro- 
controller commences operation. 


* Because of the inverted interrupt input CE/TO the conditional jump JTO is also inverted. 


PCD3343 


FUNCTIONAL DESCRIPTION (continued) 

Power-on-reset and low-voltage detection (see Fig. 20) 

In telephony applications, correct operation of the PCD3343 during moments of slowly changing 
supply voltages and low-voltage conditions is essential. This is achieved by the addition of an internal 
power-on-reset and low-voltage detection circuit. 

To allow an external RESET signal being fed into the PCD3343, the reset pin (pin 17) has been 
configured as an input/output. 


While a reset condition exists in the detection circuit, pin 17 is pulled HIGH by TR1 controlled by the 


reset circuit. 
When the reset condition is not present a pull-down current source (TR2) will be activated. TR2 forces 
pin 17 LOW thus removing the RESET signal from the microcontroller. 


Since the level at pin 17 is recognized by the microcontroller, the reset time constant can be stretched 
by connecting an external capacitor between Vpp and pin 17 (see Fig. 22). 


The signal at pin 17 can also be used as an output to reset other devices in the system. 


The internal reset circuit monitors the PCD3343 supply voltage. If the voltage drops below the 
switching level (typ. 1,3 V), a reset (HIGH) is applied to pin 17. This reset is removed (pin 17 goes 
LOW), after a fixed delay (tq), when the supply voltage rises above the switching level again. The delay 
ensures a complete reset even when the SUPPLY. voltage quickly rises above Syuteruug level after initial 
switch-on. : 


During a low-voltage condition the oscillator is inhibited to prevent complete discharge of a weak 
battery. The timing of the power-on-reset and low-voltage detection circuit is shown in figure 21. 


28 


Vop 
oscillator 
inhibit 
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POWER oe p 
V F 
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RESET JL 17 
RESET 
TR2 
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ai reset 
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Fig. 20 Power-on-reset configuration. 
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3V low voltage condition 
VOLTAGE “RESET ee eee 
; | 
Vpp ooo ees ett | 
RESET | | 
g | ct eeaatads 
Yop mi Sehese zi | = 
OSCILLATOR (1) (2) (3) (1) L (2) (3) 
4) aca! tca 
— el tq + —_ tq «~~ 
7287797 
Where: (1) Oscillator inhibited 
(2) Oscillator starting 
(3) Oscillator running, but may be stopped with a STOP condition 
Fig. 21 Timing of power-on-reset and low-voltage detection. 
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Fig. 22 Stretched power-on-reset with external capacitor. 


{ August 1984 


-PCD3343 


INSTRUCTION SET 


The PCD3343 instruction set consists of over 80 one and two byte instructions and is based on the 
MAB8048 instruction set. New instructions include those for serial 1/O operation and memory bank 
selection. Program code efficiency is high because all RAM locations and all ROM locations on a 
256 byte page require only a single byte address. 


Table 8 gives the instruction set of the PCD3343. Table 7 shows the instruction map and Table 6 
details the symbols and definition descriptions that are used. 


Table 6 Symbols and definitions used in Table 8 


definition description 


A accumulator 
addr program memory address | 
Bb bit designation (b = 0-7) 
RBS register bank select 
C carry bit (bit CY) 
CNT event counter 
D mnemonic for 4-bit digit (nibble) 
data | 8-bit number or expression 
| interrupt 
MB memory bank 
MBFF memory bank flip-flop 
P mnemonic for ‘in-page’ operation 
PC program counter 
Pp port designation (p = O, 1 or 2) 
PSW program status word 
RB _ register bank 
Rr register designation (r = 0-7) 
Sn serial |/O register 
SP stack pointer 
T timer 
oe timer flag 
TO, T1 test 0 and 1 inputs 
# immediate data prefix 
@ indirect address prefix 
(X) contents of X 
((X)) contents of location addressed by X 


<_ is replaced by 
> | is exchanged with 
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DEVELOPMENT DATA 


; , ‘?) 
Table 7 PCD3343 instruction map = 
oe) 
” 
| first hexadecimal character of opcode 5 
second hexadecimal character of opcode a 
} RSSSSSS SS SPSSS STS SSP SSS HSS STS SPS HSS SS HST HSS SST SSS SSCS SSS SSS SS HSS SPSS SSS HSS RS SRS SSS SSS SSS SSS SPSS SS SS HSS SASS SSS SSS SSS SSS Sse 2ssesz2ss== |] 9 
| 1 0 i 1 ! v4 ! 3 ! 4 ! 5 J & ! 7 1 8 | 9 | A j B j C j D | E | F | S 
|) SSSP SSS Pe SSS PTS SSPE SSS TSP SS SAMARAS SSS SSS STS SPSS SS SSSR SRST ST SPSS MSS TS SST SSS SSM SSS SS PHSB SSS SSST SSS SSS SSS SSS SSAA SH SPSSS SSP SSsSSssesesssszce | ew 
10! NOP |! IDLE { | ADD | JMP ! EN I | \JNTF.! DEC A! IN AsPp 1 1 MOV AsSn | | Pa} 
| I | I l\As#datal page 0! | addr } 1 0 | 1 | 2 | 1 0 j 1 l ] l = 
PeSS SS see See eS eee SSeS SS ee ae ee SS See ae Seen SaaS Se ee a Se ee Se aaa ee SSS SSS e ea Se ee ee ee eee aS See ae I = 
1 4 1 INC @Rr | JBO J! ADDC | CALL ! DIS It JTF Jt INC At INC Rr | o 
1 i oO | 4 |! addr |As#datal page DO! | addr | ' Oo @¢F 4 fi ae OP a 2 
[See SS SS Se eS Sr ne See er re a ee ar a a a ee Sa See ase ees | + 
1 2 | XCH A;s@Rr 1 STOP | MOV {| JMP 1! EN | JNTO | CLR A ft XCH AsRr | = 
} ! 0 ! 4 | lAs#datal page 1! TCNTI ! addr | 1 0 i 1 i z 1 3 | 4 I 5 i & | 7 ] o 
aleteterhetetesteatenatedentaieteteienaiematedatatanatatatataenabatatataatatatnematanetetatatamaatetateiaaatenaanatataetemeetaamatetaataaaematenatataaataatatatatatataatateaanaaaetataeaateaatatataatetataatataatatataeaatatatatee | = 
1 3 | XCHD A;sa@Rr ! JB1 l ! CALL i DIS 1 JTO | CPL A tT OUTL PpsA 1 1 MOV SnsAé | l So 
} | 0 j 1 1 addr | 1 page i! TCNTI ! addr | ] 0 | 1 ] 2 | | 0 | 4 | z | j © 
| ~---------------------~+------~------ -- += ee nn nnn nn nn nn nnn nn nnn nn nn nn nnn nn nn nnn nn nnn nen nnn nnn nnn w 
i 4 | ORL As@Rr 1 MOV | ORL | JMP | STRT | JNT1 | SWAP | ORL AsRr | ot 
l ] 0 } 1 1 AsT (JAs#datal page 21 CNT J adar } A .| 0 l 1 i Z | 3 | 4 l 5 | & 1 7 l 
| --------~-------~-~----~--------------------- ++ ---- +--+ 5-5-5 oo ono ee one nn een enn nee - ee -------------------------- | 
1 5 | ANL Asa@Rr 1} JB2 3 ANL | CALL 1 =STRT | JT1 | DA Ad ANL AsRr ] 
| | 0 | 1 |! addr lAs#data! page Z| T 1 addr | j 0 | 1 ] 2 i 3 | 4 | 5 l 6 i 7 } 
| --------~---------~-~----------------- +--+ -- $5 - $5 $5 oo nn nn nn nnn nn ne nnn nnn nn nnn nn nn nn nn ne nn en ene oe eee eee 
1} 6&6 | ADD A:saRr i MOV | 1 JMP | STOP ; 1 RRC A | ADD AsRr _ | 
| | 0 1 1 1 TsA | | page 3! TCNT 1 1 ] 0 l 1 | z 1 3 | 4 1 5 | 6 I 7 ] 
 ctetestertesteaientetistaieeteieiebeteieteeneatananatetenaeieienetamenaatatatetataatatetamaamaatemaatataeteatetanatatatenabaneadatabaateaataatatatatataaatedatatataaeadeetaatateetatee ee 
1 7 | ADDC A;saRr 1 JB3 1 } CALL | ] 1 RR Al ADDC AsRr | 
} } 0 | 1 1 addr } | page 3} j H | 0 | 1 | 2 | 3 i 4 l 5 i & | 7 | 
| ---------------~---------~---------------+--------- +--+ = + eo 5 5 ee en nen ne ee ne ne nn enn nn ee ee ee eee 
Sil 1 | 1 RET | JMP J EN J ! 1! ORL Ppst#data } I | | | 1 
1 1 1 | | | page 4! SI | | 1 0 | 1 i z | } | 1 | 1 
| w---~--------~------------~-- +--+ +--+ 5 + - $5 5 5 5 5 5 eo oo en en en nn nn nnn nnn nn nnn nn nnn nnn nnn nn nn nn nen nnn nee ne nne | 
19 ) ! ' JB4 4 RETR 1 CALL | DIS ! JNZ 1}! CLR C 1 ANL Ppstdata | 1 MOV Sn;s#data | } 
j j 1 | addr | 1 page 4} SI i addr | | 0 i 1 i 2 | i 0 | 1 | z | j 
| ---~---~----------------~---~----------- 5+ +--+ ++ + - 5 +--+ + ee ee ee 5 ee 5 5 5 ee ee ee 5 ee ee ee += 
1 A | MOV ARrsA | 1 MOVP ! JMP Jj SEL 1 1 CPL C | MOV RrsA | 
| ] 0 | 5 ] | As@A 1 page 5) MBZ 1 | 1 0 l 1 } z 1 3 1 4 l 5 1 fa) | 7 al 
| -------~~-----~----~--------~-- +--+ +--+ +--+ 5-5 oe ee ee 5 5 5 5 $$ 5 eo ee 5 5 ee ee +--+ += | 
' Bol MOV @Rrs#data | JBS | JMPP I CALL I SEL 1 ! 1 MOV Rrs#data i 
| I 0 1 4 |! addr i aA |! page 5! MBS ! | | 0 | 1 i 2 i 3 | 4 | 5 | 6 | 7 | 
| --~--~---~------------ ~~ +--+ ee 5 + ee + + 5 + 5 5 + ee 5 ee ee 5 = + = i 
! ¢ } DEC aRr | i 1 -JMP {| - SEL #{f JZ } MOV | DEC Rr 1 
> + ] 0 1 1 I ! |} page 61 RBO 1 addr ! A>+PSW ! 0 } 1 I 2 l 3 i 4 1 5 1 6 l i } 
£ | wa nn eo nn nn nn nn nn rn ren nn nn en een een nen | 
a ! Do} XRL AsaRr } JB& iF XRL |} CALL 1 SEL } 1 MOV 1 XRL AsRr | 
ee j | 0 i 4 i addr jAs#datal page 6! RBi | 1 PSW:A | 8) | 1 ] 2 | 3 | 4 | a) | 6 | 7 | 
i  Tisstoae ton lontoeteetenstetonientonteiesteatertentestesioetentantonteatenteeierentiadiententanteatesteaterteteatiaaientetiantartoatertortertarteatartestetentestesiestesterateatetestatetertententenhedeteteabatadededaianeteenedetatateeeteietaietetenatesaateaeteteamatetetatabetateaateneteaetateteeataettenatan | 
| © 1 £€ i DJNZ @Rrsaddr | i 1 JMP | SEL | jJNC | RELA St DJNZ Res addr | BS 
| & i ] 0 } 1 ] 1 } page 7i MBO | addr | 1 0 l 4 | Z ! 3 l 4 | 5 l & | 7 | s. 
ee | ------------~--------------- +--+ we nnn nn nn nn nn nn nn nn nnn nnn en nn nn nn en nnn nnn nn nnn enn nnn enn 
1 F | MOV A;sa@Rr DM J B2 ' CALL | SEL J] JC tt RLOC At MOV AadRr ! GW 
I i 0 | 4 ! addr | 1 page 7i MB1 J! aadr | | 0 } 4 i 2 i 3 | 4 j > j 6 i 7 i Ow 
| SS SSR RPS ESE S OTS KS SSMS SSS SS SSMS ST HASTA SRAS SASS S SST SSB SSS HSRS SSS SS SOSA S SSS STS SSS SSSA SSSA SSP SSH SSSSS SS SSS SSS Sat Sst Sess sssssesszsesssas== } aa 
oe) 


L8¢ 


Z8e 


INSTRUCTION SET (continued) 
Table 8 Instruction set 


| | mnemonic | opcode bytes/ | description function notes 


4 
© 
O 
GO 
© 
rN 
G) 


> 
a 
(2 
a (hex.) cycles | 
ADD A, Rr 6* 1/1 Add register contents to A (A)<(A) + (Rr) r=0-7 | 1 
1 ADD A, @Rr | 60 1/1 Add RAM data, addressed by Rr, to A (A)<(A) + ((RO)) 1 
61 (A)<(A) + ((R1)) 
| ADD A, #data 03 data 2/2 Add immediate data to A (A)<(A) + data 1 
ADDC A, Rr | 7* | 1/1 Add carry and register contents to A (A)<(A) + (Rr) + (C) r=Q-7 | 1 
ADDC A, @Rr | 70 1/1 Add carry and RAM data, addressed (A)<{A) + ((RO)) + (C) | 1 
71 by Rr, to A (A)+(A) + ((R1)) + (C) 
| ADDC A, #data | 13 data 
ANL A, Rr | 5* 1/1 ‘AND’ Rr with A (A)<(A) AND (Rr) r= 0-7 
| ANL A, @Rr 50 1/1 ‘AND’ RAM data, addressed by Rr, with A | (A)<-(A) AND ((RO)) 


NO 
™s. 
NO 


| 
MA 
| 
| 
Add carry and immediate data to A (A)<(A) + data + (C} 1 
| 


S 51 | (A)<(A) AND ((R1)) 
= ANL A, #data 53 data 2/2 ‘AND’ immediate data with A (A)<(A) AND data 
= |ORLA, Rr 4* 1/1 |‘OR’ Rr with A (A)<(A) OR (Rr) r=0-7 
= ORLA, @Rr 40 1/1 ‘OR’ RAM data, addressed by Rr, with A (A)<(A)} OR ((RO)) 
¢ , 41 | (A)<(A) OR ((R1)) 
ORL A, #data 43 data 2/2 ‘OR’ immediate data with A (A)<(A) OR data 
| XRLA, Rr D* 1/4 *XOR’ Rr with A (A)<+(A) XOR (Rr) r= Q-—7 
|XRLA, @Rr DO 1/1 ‘XOR’ RAM, addressed by Rr, with A (A)<(A) XOR ((RO)) | 
| D1 (A)<(A) XOR ((R1)) 
| | XRL A, #data D3 data 2/2 ‘"XOR’ immediate data with A (A)<-(A) XOR data 
| | INCA 17 1/1 increment A by 1 (A)—(A) +1 
DEC A 07 1/1 decrement A by 1 (A)<(A) —1 
CLRA 27 1/1 | clear A to zero | (A)<-O 
~ 1CPLA 37 1/1 one’s complement A (A)<NOT(A) 
RLA E7 1/1 rotate A left (An + 1) {An) n=0-6 


(Ag)<{A7) 


p86L Isnény 


3:15 


| ACCUMULATOR (cont.) 


{MOV A, Rr 


2) 
Lu 
> 
O 
= 
{ 
L 
<L 
OQ 


MOV A, @Rr 


MOV A, #data 
MOV Rr, A 
MOV @Rr, A 


MOV Rr, #data 
MOV @Rr, #data 


XCH A, Rr 
XCH A, @Rr 


XCHD A, @Rr 


{MOV A, PSW 
|MOV PSW, A 
|MOVP A, @A 


BO data 
B1 data 


2* 
20 
21 


30 
31 


C7 
D7 
A3 


DEVELOPMENT DATA 
rotate A left through carry 
rotate A right 
rotate A right through carry 


decimal adjust A 
swap nibbles of A 


move register contents to A 
move RAM data, addressed by Rr, to A 


move immediate data to A 
move accumulator contents to register 


move accumulator contents to RAM 
location addressed by Rr 


move immediate data to Rr 


move immediate data to RAM location 
addressed by Rr 


exchange accumulator contents with Rr 


exchange accumulator contents with 
RAM data addressed by Rr 


exchange lower nibbles of A and RAM 
data addressed by Rr 


move PSW contents to accumulator 
move accumulator bit 3 to PSW3 
move indirectly addressed data in 
current page to A 

clear carry bit 


complement carry bit 


(An + 1)An 
(Ag)<(C), (C)<(A7) 
(An) (An + 1) 
(A7)<(Ao) 


(An) “(An + 1) 
(A7)<(C), (C)<(Ag) 


(Aqg_7)(Ag_3) 
(A)<(Rr) 


(A)<((RO)) 
(A)<((R1)) 


(A)<data 
(Rr)<(A) 


((RO))<(A) 
((R1))<(A) 


(Rr)<-data 


((RO))<-data 
((R1))<data 


(A)<(Rr) 
(A)<((RO)) 
(A)<((R1)) 
(Ag_3)<((ROg_3)) 
(Ag_3)((R19_3)) 
(A)<(PSW) 
(PSW3)<(A3) 


(PCg_7)<(A), (A)<((PC)) 


(C)<—O 
(C)NOT(C) 


oO 
= 
Oo 
” 
3. 
© 
“| 
2) 
© 
2°) 
=| 
= 
= 
a 
Oo 
= 
= 
2) 
Lae 
o> 
e 
i] 
ao) 
> 
\°] 
| 
© 
” 
3°) 
> 
a” 


Cveedod 


v8E 


7861 isnbny 


INC Rr 
INC @Rr 


DEC Rr 
DEC @Rr 


REGISTER 


JMPP @A 
DJNZ Rr, addr 


DJNZ @Rr, addr 


JBb addr 
JC addr 
JNC addr 
JZ addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JTF addr 
JNTF addr 


BRANCH 


10 
11 


CG 
CO 
C1 


@ 4 address 


B3 
E* address 


EO 
E1 


4 2 address 
F6 address 
E6 address 
C6 address 
96 address 
36 address 
26 address 
56 address 
46 address 
16 address 
O06 address 


increment register by 1 
increment RAM data, addressed by Rr, by 1 


decrement register by 1 
decrement RAM data, addressed by Rr, by 1 


unconditional jump within a 2 K bank 


indirect jump within a page 


decrement Rr by 1 and jump if not 
zero to addr 


decrement RAM data, addressed by Rr 
by 1 and jump if not zero to addr 


jump to addr if Acc. bit b = 1 
jump to addr if C = 1 

jump to addr if C=0 

jump to addr if A=0 

jump to addr if A is NOT zero 
jump to addr if TO=0 

jump to addr if TO = 1 

jump to addr if T1 = 1 

jump to addr if T1 =0 | 

jump to addr if Timer Flag = 1 
jump to addr if Timer Flag = 0 


(Rr)<(Rr) + 1 


((RO))<-((RO)) + 1 
((R1))<((R1)) + 1 


(Rr)<(Rr) — 1 
((RO))<((RO)) — 1 
((R1))—((R1)) — 1 


(PCg_49)<addrg_19 
(PCo_7)<-addro_7 
(PC44_42)<-—MBFF 0—1 


(PCo_7)<({A)) 


(Rr)<(Rr) — 1 
if (Rr) not zero (PCo_7)<addr 


({RO))<((RO)) —1 
if ((RO)) not zero (PCo_7)<-addr 


((R1))<((R1)) —1_ 
if ((R1)) not zero (PCo_.7)<-addr 


ifb=1 : (PCo_7)<addr b = 0-7 
ifC=1 : (PCo_7)<addr | 
if C=O : (PCo_7)<addr 

if A=O : (PCo_7)<addr 

if A#O : (PCo_7)<addr 

if TO = 0: (PCg_7)<-addr 

if TO = 1: (PCo_7)<addr 

if T1 = 1: (PCg_7)<addr 

if T1 =O: (PCo_7)<addr 

if TF = 1: (PCg_7)<addr 

if TF =O: (PCg_7)<addr 


r= 0—7 


5 
O 
O 
16%) 

Ww 
AN 
e¥) 


G8e 


TIMER/EVENT COUNTER 


p86 3snbny- 


DEVELOPMENT DATA 


MOV A, T move timer/event counter contents to (A)<(T) 


accumulator 


MOV T,A move accumulator contents to (T)<(A) 


timer/event counter 


STRT CNT 
STRT T 

STOP TCNT 
EN TCNTI 
DIS TCNTI 


EN | 
DIS | 
SEL RBO 
SEL RB1 
SEL MBO 
SEL MB1 
SEL MB2 
SEL MB3 
STOP 
IDLE 


CALL addr 


start event counter 


start timer 


stop timer/event counter 


enable timer/event counter interrupt 


disable timer/event counter interrupt 


enable external interrupt 


disable external interrupt 


(RBS)<-O 
(RBS)<1 
(MBFFO)<0, (MBFF1)<0O 
(MBFFO)<1, (MBFF1)<0 
(MBFFO)<0, (MBFF1)<1 
(MBFFO)<1, (MBFF1)<1 


select register bank O 


select register bank 1 


select program memory bank 0 


CONTROL 


select program memory bank 1 


select program memory bank 2 


select program memory bank 3 
enter STOP mode 
enter IDLE mode 


4 4 address jump to subroutine ((SP))<(PC), (PSW4 6 7) 6 
(SP)<-(SP) + 1 
(PCg__19)<addrg_19 
(PCo_7)<-addrg_7 
(PC14_12)<-MBFF 0-1 

(SP) <(SP) —1 


(PC)<((SP)) 


(SP) <(SP) —1 
(PSW4, 6, 7) + (PC)<((SP)) 


return from subroutine 


SUBROUTINE 


return frorn interrupt and restore 
bits 4, 6, 7 of PSW 


© 
s 
Oo 
7) 
3. 
Q 
hae 4 
.°) 
©) 
\°) 
| 
ab 
= 
= 
o 
bom § 
=, 
2] 
= 
ob 
= 
© 
x?) 
> 
oO 
=| 
@ 
” 
@ 
or 
n 


eveedod 


98 


mnemonic opcode bytes/ | description function notes 
(hex.) cycles 


IN A, Pp 1/2 input port p data to accumulator (A)<(PO) 
(A)<-(P1) 
(A)<-(P2) 
(PO)<(A) 
(P1)<(A) 
(P2)<(A) 
(PO)<(PO) AND data 
(P1)<-(P1) AND data 
(P2)<-(P2) AND data 
(PO)<-(PO) OR data 
(P1)<-(P1) OR data 
(P2)<-(P2) OR data | 


v 
© 
O 
oe) 
C) 
rs 
oy) 


> 
 £ 
i 
cc 
1 ® 
ee 
—, 
<e) 
oO 
L 


OUTL Pp, A output accumulator data to port p 


ANL Pp, #data AND port p data with immediate data 


ORL Pp, #data OR port p data with immediate data 


PARALLEL INPUT/OUTPUT 


MOV A, Sy move serial 1/O register contents to 


accumulator 


(A)<-(SO) 
(A)<(S1) 


(SO)<(A) 
(S1)<(A) 
| (S2)<(A) 
(SO)<-data 
(S1)<-data 
(S2)<-data 


move accumulator contents to serial 
1/O register 


MOV Sp, A 


MOV Sp, #data move immediate data to serial 


[/O register 


| enable serial |/O interrupt 


SERIAL INPUT/OUTPUT 


| disable serial 1/O interrupt 


[Ror Joon 


Notes to Table 8 


1.PSW CY, AC affected | 5. PSW RBS affected 

2. PSW CY affected ; 6. PSW SPo, SP1, SP2 affected 

3. PSW PS affected 7. (A) = 1111 P23, P22, P21, P20. 

4, Execution of JTF and JNTF instructions resets the Timer Flag (TF). 8. (S1) has a different meaning for read and write operation, see 
* :89AB,C,D,E,F serial 1/O interface. 

= 0 2. Pi 63. ACE 9. (S2) is a write only register. Reading S2 will give value FFH. 
4 :1,3,5, 7,9, B, D, F 


CMOS microcontroller for telephone sets PCD3343 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 28) Vpp —08to+8 V 
All input voltages Vy} 0,8 to Vpp + 0,8 V 
D.C. current into any input or output t1),+IlQ max. 10 mA 
Total power dissipation (see note) Prot max. 500 mW 
Power dissipation per output 
except P23, SCLK Po max. 50 mW 
P23, SCLK Po max. 180 mW 
Storage temperature range T stg —65 to+ 150 °C 
Operating ambient temperature range Tamb —25to +70 °C 
Operating junction temperature Tj max. 125 °C 
Note 
Thermal resistance (junction to ambient) 
for SOT-117 Rth j-a max. 120 K/W «—— 
for SOT-135A Rth j-a max. 60 K/W 
for SOT-136A Rth j-a max. 150 K/W 


<{ 
b= 
<x 
Q 
= 
= 
Ltd 
= 
Qu. 
e) 
anal 
Lt 
> 
LL 
a) 
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D.C. CHARACTERISTICS 


Vpp = 2,75 to 6 V; Vss =0 V; Tamb = —25 to + 70 °C; all voltages with respect to Vs; f = 3,58 MHz 
with Rg = 50 &2; unless otherwise specified. 


es es SY 


Supply voltage 
operating (see Fig. 23) 


STOP mode for RAM retention 


Supply current 
operating 
at Vpp = 3 V (see Fig. 24) 


IDLE mode 
at Vpp = 3 V (see Fig. 25) 


STOP mode (see Fig. 26 and note 1) 
at Vpp = 1,8 V; Tamb = 25 PC 


at Vpp = 1,8 V; Tamb = 55 OC 
at Vpp = 1,8 V: Tamb = 70 °C 


RESET I/O 
Switching level 


Sink current 
at Vpp > VRESET 


Inputs 
Input voltage LOW 
Input voltage HIGH 


Input leakage current 
at Vsg < VV] < Vpp 


Outputs 


Output voltage LOW 
at Vj} = Vss or Vpp; Ilol<1 uA 


Output sink current LOW 
at Vpp = 3 V; V9 = 0,4 V 
except P23/SDA, SCLK (see Fig. 27) 
P23/SDA, SCLK (see Fig. 28) 

Pull-up output source current HIGH (see Fig. 29) 
at Vpp = 3 V; V9 =0,9Vpp 
at Vpp = 3 V; Vo = Vss 

Push-pull output source current HIGH | 
at Vpp =3V; Vo =Vpp-0,4V 


Note 1 


Crystal connected between XTAL 1 and XTAL 2; SCL and SDA pulled to Vpp via 5, 6 kQ resistor; 
CE and T1 at Vss. 
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DEVELOPMENT DATA 


CMOS microcontroller for telephone sets 


(1) Tamb = —25 OC 
(2) Tamb = 25 OC 
(3) Tamb = 70 °C 


Fig. 23 Maximum clock frequency (fx Tat) 
as a function of the supply voltage (Vpp). 


7287801 


NWA LTT 


ANSE ETT 
een 


| 
NOU TTT 


Vop (V) 


(1) clock frequency = 4 MHz 
(2) clock frequency = 2 MHz 
(3) clock frequency = 500 kHz 


Fig. 25 Typical supply current (Ipp) 
in IDLE mode as a function of the 
supply voltage (Vpp); Tamb 7 25 °C. 


(mA) 


0,1 


0,01 


PCD3343 


7287800 


(1) clock frequency = 4 MHz 
(2) clock frequency = 2 MHz 
(3) clock frequency = 500 kHz 


Fig. 24 Typical supply current (Ipp) 
in operating mode as a function of the 
supply voltage (Vpp); Tamb = 25 OC. 


(1) Tamb = 70 °C 


Fig. 26 Typical supply current (Ipp) 
in STOP mode asa function of the | 
supply voltage (Vpp).. eee 
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PCD3343 


7287803 ‘ 7287804 

1 # 

™ 7 
(1) 


8 10 
Vpp (V) 

(1) Tamb = —25 OC (1) Tamb = —25 PC 
(2) Tamb = 25 PC (2) Tamb = + 25 OC 
(3) Tamb = 70 °C (3) Tamb = + 70 PC 
Fig. 27 Output sink current LOW (Io,;), Fig. 28 Output current LOW (Io, ), 
except outputs P23/SDA and SCLK, as a outputs P23/SDA and SCLK, as a function 
function of supply voltage (Vpp); Vo = 0,4 V. of supply voltage (Vpp); Vo = 0,4 V. 


OH 
(uA) 


(1) Tamb = 25 °C; Vo = Vgg 
(2) Tamb = 25 °C; Vo = 0,9V0p 
(3) Tamb = 70 °C; Vo = Vss 
(4) Tamb = 70 °C; Vo = 0,2Vpp 


Fig. 29 Output source current HIGH (—Ioy) 
as a function of supply voltage (Vpp). 
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CMOS microcontroller for telephone sets PCD3343 


A.C. CHARACTERISTICS 
Rise and fall times between 10 and 90% levels; C; = 50 pF 


symbol —— 70 °C max. “2 oe 


100 
100 


parameter 


Fall time 


Rise time 


SCLK 


<= tHIGH~> 


«+ tgBuF | —I tSU;STO + 
TRC CHD; DAT tsu: DAT 


—'THD STAM >! ae a ee 
t tED 7287806 


Fig. 30 PCD3343 timing requirements for the P23 and SCLK /nput signals. 


Table 9 Input timing shown in figure 30 


DEVELOPMENT DATA 


tBUF 
tHD; STA 
THIGH 
tLOW 
tsY :STO 
tHD:DAT 
tSU;DAT 
tRD 

tRC 

tFD 

tFC 


Notes to Table 9 


tXTAL = one period of the XTAL input frequency (fx TAL) 
= 280 ns for fy TAL = 3,58 MHz. 
These figures apply to all modes. 
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A.C. CHARACTERISTICS (continued) 


<« tLow— 


—>! THD:STA |< 


> 
tHD;DAT 


<—tFp 


—P << 
tsu;DAT 


Fig. 31 PCD3343 timing requirements for the P23 and SCLK output signals. 


Table 10 Output timing shown in figure 


tHD; STA 
tHIGH 

tLow 

tsu; STO 

tHD; DAT 
(slave transmitter 
any DF 


tHD ; DAT 
(master transmitter) 
for DF <51 


for DF <99 


tsu; DAT 
(master transmitter) 
for DF > 51 


for DF > 99 


for DF < 51 
for DF <99 


TAC 


tEp, tec 


Notes to Table 10 


txTAL = one period of the XTAL input frequency (fyT AL) 


31 


normal mode 
(ASC in S2 = 0) 


% (DF + 9) tx TAL 
(DF) = tXTAL 
(DF) — txTAL 
% (DF —3) tx TAL 


= OXTAL 
S 12tx TAL. 


> SOXTAL 
S 12tXTAL 


2 IStXTAL 
< 24ty TAL 


> I XTAL 


= OtXTAL 

S 12txTAL 

< 100 ns 

at Cp = 400 pF 


/ 


= 280 ns for fy Tay = 3,58 MHz. 


DF  .  =divisor (see Table 2 Serial 1/O 


section). 


Ch = the maximum bus capacitance for each line. 
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low-speed mode 
(ASC in S2 = 1) 


% (DF +9) tx TAL 
% (DF) — tXTAL 
(DF) = txTAL 
% (DF —3) tx TAL 


> 9tXTAL 
S 12tXTAL 


— 


2 OXTAL 
S12tX TAL 


2 19tXTAL 


~S24tXTAL 


> StXTAL 
> OtxTAL 


S 12txXTAL 
< 100 ns 


at Ch = 400 pF 


0,9 Vop 


VoLmax 


99 Vpp 


Votmax 
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CMOS microcontroller for telephone sets PCD3343 


APPLICATION INFORMATION 


A block diagram of an electronic featurephone built around the PCD3343 is shown in figure 32. It 
comprises the following dedicated telephony IC’s: 


@® TEA1060/1061 transmission circuit for telephony 
@ PCD3312 DTMF generator with Serial I/O 
@® PCE2111 or PCF8577 2 LCD drivers in LCD module MB7020160 
@ PCD8571 1 K RAM’s with Serial |/O; the number of RAM’s depends on the 
required amount of stored telephone numbers 
® PCD3360/3361 programmable multi-tone ringer 
TRANSMISSION DIALLING 


t 
supply 


DEDICATED 
cradle 
contact 
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telephone ; I 
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mas IY |\ BST76 
ra O 
Pa b/a DP/flash : 
- 
= , | 
a | i 50 
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I | 
a) ' LCD ! 
ee a | 
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PCD8571 
* max. 8 
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a CALENDAR 
PCB8573 
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Fig. 32 Block diagram of electronic featurephone with common line interface. 
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A. detailed application diagram of the PCD3343 with PCD3312 (DTMF), two PCD8571 (RAM) and 
two PCE2111 (LCD display drivers) is shown in figure 33. 


Row 5 of the keyboard contains the following special keys: 


@ Pp program and autodial 
@® FL flash or register recall 
@R redial or extended redial 


@ AP access pause 
Row 6 contains the different diode options. 
Columns 5 and 6 contain the button keys MO to M9; single name keys for repertory telephone numbers. 
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APPLICATION INFORMATION (continued) 


VoD 
up to 8 x PCD8571 


DTMF 


_ 
© 
O 
C) 
G 
K 
CG 


battery 
supply 3,58MH2 97pF 


supply from CS oS + | PCD3311 AO 
TEA1060/1 | | PCD 3312 
‘f 


AO 


AO 
PCD8571 Al 
A2 


> 
Cc 
co} 
Cc 
” 
ct 
—_ 
ce) 
oo 
f 


XTAL1 XTAL2 


ao ae Eee Gees a 
12C bus 
P23 SDA 


ground 


PCD3343 


mute lines 


COLUMNS 2 x PCF8577 


Pees se oe | | 
| 6 3 3. 4 | Je] | 
TTT fore | | 


fine interrupter 
or flash output 


Boog 
BOG | n 
Bee |co "ai 
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PULSE/DTMF NORMAL/DIRECT EXTENSION KEYBOARD 


Fig. 33 Application diagram of PCD3343 for electronic featurephone with associated keyboard. 


Additional information is available on request for the following: 
Serial 1/O 

1?C bus specification 

Interrupt logic 

Instruction set descriptions 

Software routines for an intelligent telephone set 


DEVELOPMENT DATA PCF84C12 


This data sheet contains advance information and 


specifications are subject to change without notice. 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 


The PCF84C12 microcontroller is manufactured in CMOS technology. 
It has 13 quasi-bidirectional |/O port lines, one single-level vectored interrupt, an 8-bit timer event 
counter and on-board clock oscillator and clock circuits. 


This microcontroller is an efficient controller as well as an arithmetic processor. The instruction set is 
based on that of the MAB8048 and is pin- and instruction set compatible with the MAB8400 family. 
The PCF84C12 has extensive bit handling abilities and facilities for both binary and BCD arithmetic. 


For detailed information see the user manual ‘‘Single-chip 8-bit microcontrollers’. 


Features 

@ 8-bit CPU, ROM, RAM, I/O in a single 20-lead DIL or SO package 
@ 1K ROM bytes 

@ 64 RAM bytes 

® 13 quasi-bidirectional |/O port lines 

® Two test inputs: one of which is also the external interrupt input 
® Single-level vectored interrupts: external and timer/event counter 
® 8-bit programmable timer/event counter 

@ Clock frequency 100 kHz to 10 MHz 

® Over 80 instructions (based on MAB8048) all of 1 or 2 cycles 

® Single supply voltage from 2,5 V to 5,5 V 

@ STOP and IDLE mode 

@ Power-on-reset circuit 

®@ Operating temperature range: —40 to + 85 OC 


PACKAGE OUTLINES 


PCF84C12P: 20-lead DIL: plastic (SOT-146). 
PCF84C12T: 20-lead mini-pack; plastic (SO-20; SOT-163A). 
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P14—P10 .P07—P00 
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PROGRAM 
STATUS 
WORD 


INTERNAL ie 
CLOCK 
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REGISTER 2 
REGISTER 3 
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REGISTER 6 
REGISTER 7 


8 LEVEL STACK . 
(VARIABLE LENGTH) 


8 
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Snes. ADDRESS 
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INSTRUCTION 
REGISTER 
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LOGIC UNIT 
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INTERRUPT INITIALIZE OSCILLATOR 
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Fig. 1 Block diagram. 
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Single-chip 8-bit microcontroller : PCF84C12 


PINNING 


PCF84C12 


4 7296219 

= 

< 

Q 

b ; a Lo : 

a Fig. 2 Pinning diagram. 

= 

rs} PIN DESIGNATION 

r 18 POO-PO7 ~_——Port 0: 8-bit quasi-bidirectional 1/O port. 

a 9 INT/TO Interrupt/Test 0: external interrupt input (sensitive to negative-going edge)/test 
input pin; when used as a test input directly tested by conditional branch in- 
structions JTO and JNTO. 

10 Vss , Ground: circuit earth potentional. 
11 T1 Test 1: test input pin, directly tested by conditional branch instructions JT 1 


and JNT1. T1 also functions as an input to the 8-bit timer/event counter, 
using the STRT CNT instruction. 


12 XTAL 1 Oscillator input: crystal which determines the internal oscillator frequency or 
the external clock generator. 

13 XTAL 2 Oscillator output 

14 RESET Reset input: used to initialize the processor (active HIGH), or output of 
power-on-reset circuit. 3 

15-19 P10-P14 Port 1: quasi-bidirectional port in parallel port mode. 

20 VDD Power supply: 2,5 V to 5,5 V. 
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FUNCTIONAL DESCRIPTION 


Program memory 

The program memory consists of 1 K bytes, in a read-only memory (ROM). Each location is directly 
addressable by the program counter. The memory is mask-programmed at the factory. Figure 3 shows 
the program memory map. 


Three program memory locations are of special importance: 
@ Location 0; contains the first instruction to be executed after the processor is initialized (RESET), 
® Location 3; contains the first byte of an external interrupt service subroutine, 


® Location 7; contains the first byte of a timer/event counter interrupt service subroutine. 


1 


Data memory 


Data memory consists of 64 bytes, random-access data memory (RAM). All locations are indirectly 
addressable using RAM pointer registers; up to 16 designated locations are directly addressable. Memory 
also includes an 8-level program counter stack addressed by a 3-bit stack pointer. Figure 4 shows the 
data memory map. 


Working registers 


Locations 0 to 7 are designated as working registers, directly addressable by the direct register instruc- 
tions. Ease of addressing, and a minimum requirement of instruction bytes to manipulate their contents, 
makes these locations suitable for storing frequently addressed intermediate results. This bank of 
registers can be selected by the SEL RBO instruction. 


Executing the select register bank instruction SEL RB1, designates locations 24 to 31 as working re- 
gisters, instead of locations 0 to 7, and these are then directly addressable. This second bank of working 
registers may be used as an extension of the first or reserved for use during interrupt service subroutines 
saving the first bank for use in the main program. If the second bank is not used, locations 24 to 31 may 
serve as general purpose RAM. 


The first locations of each bank contain the RAM pointer registers RO, R1, RO’ and R1’, which 
indirectly address all RAM locations. 


Ail RAM locations make efficient program loop counters when used with the decrement register and 
test instruction DJNZ. 
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Single-chip 8-bit maicrocontral ler PCF84C12 y 


1023 | 
directly 
addressable 
when bank 1 
is selected 
: : addressed 
indirectly 
8 LEVEL through pointers 
STACK Ri or RO 
Se: 6p Bz (R1’ or RO’) 
USER RAM 
8 16x8 
7 location 7 : timer/counter interrupt vector 
6 | 
5 BANK 0 
WORKING directly 
: REGISTERS addressable 
3 location 3 : external interrupt vector 8x8 when bank 0 
2 is selected 
1 + 
0 location 0: reset vector 
7Z96220 7284729 
Fig. 3 Program memory map. Fig. 4 Data memory map. 


Program counter stack 


Locations 8 to 23 may be designated as an 8-level program counter stack (2 locations per level), or as 
general purpose RAM. The program counter stack (Fig. 5) enables the processor to keep track of the 
return addresses and status generated by interrupts or CALL instructions by storing the contents of 
the program counter prior to servicing the subroutine. A 3-bit stack pointer determines which of the 
eight register pairs of the program counter stack will be loaded with next generated return address. 


The stack pointer, when initialized to O00 by RESET, points to RAM locations 8 and 9. On the first 
subroutine CALL or interrupt, the contents of the program counter and bits 4, 6 and 7 of the program 
status word (PSW) are transferred to locations 8 and 9. The stack pointer increments by one and 
points to locations 10 and 11 ready for another CALL. Because an address may be up to 13 bits long, 
two bytes must be used to store each address. 


At the end of a subroutine, which is signalled by a return instruction (RET or RETR), the stack 
pointer decrements by one and the contents of the register pair on top of the stack are transferred to 
the program counter. The saved PSW bits are transferred to the PSW only by the RETR instruction. 


If not all 8 levels of subroutine and interrupt nesting are used, the unused portion of the stack may be 
used as any other indirectly addressable RAM locations. 
Nesting of subroutines within subroutines can continue up to 8 times without overflowing the stack. 


If overflow does occur the deepest address stored (locations 8 and 9) will be overwritten and lost 
since the stack pointer overflows from 111 to OOO. It also underflows from 000 to 117. 


November 1986 399 


PCF84C12 


FUNCTIONAL DESCRIPTION (continued) 

The value of the saved contents of the program counter is different for an interrupt CALL compared 
to anormal CALL to subroutine. With an interrupt CALL, the program counter return address is 
saved; with a subroutine CALL, the saved program counter value is one less than the program counter 
return address. 


STACK 7Z89147.2 


POINTER 
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MSB LSB 
Fig. 5 Program counter stack. 


IDLE and STOP modes 
IDLE mode 


When the microcontroller enters the |DLE mode via the IDLE instruction (H’01’) the oscillator and 
timer/counter are kept running. The microcontroller exits from the IDLE mode by one of three 
interrupts if they are enabled or by activating a RESET. If the interrupt is not enabled the processor 
will remain in the IDLE mode. An active signal on the RESET pin restarts the microcontroller and 
anormal RESET sequence is executed (see Fig. 6). 


program 


IDLE counter = 0 
NORMAL MODE IDLE MODE NORMAL MODE 
feos HO OO 


| 


PROGRAM FLOW 
J 


RESET 


ee ar eee 


tRES ; 1866 
> 1s clock periods 7Z87788 


—_ 


Fig.6 Exit from IDLE mode viaa RESET. 
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An active signal coming from an enabled interrupt causes the execution of the normal interrupt 
routine since normal interrupt scanning is still being carried out. A HIGH-to-LOW transition on the 
external interrupt pin (INT/TO) reactivates the microcontroller. A LOW level applied to INT/TO will 
reactivate the microcontroller only in the STOP mode. Thus, if INT/TO was LOW before the micro- 
controller entered the IDLE mode, it must go HIGH before the microcontroller can be reactivated 


(see Fig. 7). 
program counter = 


003H 
<> IDLE MODE 


NORMAL MODE NORMAL MODE 


PROGRAM FLOW 


OSCILLATOR LELLTLLRELTTLEELLTL EET ELT PLLLELTELLTELLTELLEELTEETTELTLELLELET ELT ELLLE 
INT/TO VU 


Fig. 7 Exit from |DLE mode via an interrupt. 


. >4 — —l<— 60 — 
clock clock clock 
periods periods periods 7Z97331.1 


Wake-up from the IDLE mode is ensured when INT/TO is HIGH for 4 CP (clock periods) followed by 
a LOW for 7 CP. After the initial forced CALL 003 H operation (60 CP) the program continuea with the 
external interrupt service routine. 


STOP mode 


The microcontroller enters the STOP mode by the STOP instruction (22 H). The oscillator is switched 
off. The internal status of the CPU, RAM contents and the state of I/O ports are not affected. The 
microcontroller can be brought-out of the STOP mode by an active signal at the external interrupt 
input or by an external RESET signal. When one of these two signals is applied an internal delay of 
1866 CP is provided to ensure that all internal clocks are operating correctly before restart (see Fig. 8). 


DEVELOPMENT DATA 


Note; the start-up time of a crystal oscillator is measured in milliseconds, and the 1866 CP count 
begins after this start-up time. 


If the microcontroller exists from the STOP mode by activating RESET, anormal RESET sequence is 


executed. program counter = 


0 or 003H or next value 


STOP following the STOP instruction 
NORMAL MODE STOP MODE | NORMAL MODE 
PROGRAM FLOW Te OS  ———— ee een  _—_=S—E_ee=S=S=SS 


| | 
OSCILLATOR LELLLLTLELLTT ELT PEELLLELTLEETTLEL TLE ELTEELHTET LT ELL 


RESET 
OR "RES a 1866 _, 
, >1ys clock periods 
n/a 
_»| TINT 7 
> 1 us 
Fig. 8 Entering and exiting the STOP mode. <— 1866 7297329.1 


clock periods 
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FUNCTIONAL DESCRIPTION (continued) 

If the microcontroller exits the STOP mode by pulling the external interrupt input pin LOW, an 
interrupt sequence is executed only if the external interrupt is enabled. In this event the micro- 
controller resumes the normal program sequence after returning from the interrupt routine, as in the 
normal mode. If the interrupt is not enabled, it continues the normal program sequence, executing the 
instruction following the STOP instruction. 


The microcontroller is restarted by a LOW level applied at the INT/TO pin, and not by a HIGH-to-LOW 
transition as in a normal interrupt mechanism. 
When the INT/TO level is active during the STOP instruction then no STOP is executed. 


A LOW level on the external interrupt input of at least 1 ys will cause the microcontroller to exit the 
STOP mode. 


I/O facilities 
The PCF84C12 family has 15 I/O lines arranged as: 


@ Port 0 parallel port of 8 lines (POO to P07) 

@ Port 1 parallel port of 5 lines (P10 to P14) 

e INT/TO external interrupt and test input. When used as a test input can be directly tested by 
conditional branch instructions JTO and JNTO | 

eT! test input which can alter program sequences when tested by conditional jump instructions 
JT1 and JNT1. T1 also functions as an input to the 8-bit timer/event counter. 


Parallel ports 


All parallel ports can be used as outputs or inputs, their structure is quasi-bidirectional. 
Output data written to a port is latched and remains unchanged until rewritten. 
Input data is not latched and so must be present until read by an input instruction. 


Input lines are fully CMOS compatible, output lines can drive one TTL or CMOS load. 


—_—_—_—————— cycle 1 —————____—_____> |_<_____—_————__ cycle 2 ——_-________> 


1,.2,3,4,5,6,7,8 ,9 10 


ANL Po. # data 


PO,P1,P2 DATA OUT ORL Pp, # data 


7220150 


Fig. 9 Shows the timing diagram for all ports using IN, OUTL, ANL and ORL instructions. For the 
OUTL instruction data changes on time slot 7 of cycle 1. For the MOV, ANL and ORL instructions, 
the ports change on time slot 7 of cycle 2. | 
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Single-chip 8-bit microcontroller PCF84C12 


Fig. 10 shows the quasi-bidirectional |/O interface with push-pull output and switched pull-up current 
source. 

Each line is pulled up to Vpp via a constant current source (TR4), which is enabled via TR3 whenever 
one of the two output latches contains a logic 1. This current provides sufficient source current for a 
TTL HIGH level, yet can be pulled LOW by an external CMOS device, thus allowing the same pin to 
be used for both input and output. 


When a logic 1 is written to the line for the first time (MO = 1, SQ = 0), TR2 is switched on for the 
duration of the internal write pulse (one oscillator period), to provide a fast transition from logic 0 to 
logic 1. Subsequent writing of a logic 1 to the port lines will not switch TR2 on. This prevents 
unnecessary current through external components connected to the port lines of the same port which 
might be in the input mode and also connected to ground. 

When a logic 0 is written to the line, TR3 switches off the current source. Current sinking capability 
is provided by TR1, which is now switched on. When used as an input, a logic 1 must first be written 
to the line, otherwise TR1 will remain low impedance. 


The PCF84C12 offers the possibility to select individually all the port pins by the following mask 
options: 
Option 1 — STANDARD PORT; quasi-bidirectional |/O with switched pull-up current source of 
100 pA (typ.) and P-channel booster transistor TR2. 
TR2 is only active during 1 clock cycle (Fig. 10). 


Option 2 — OPEN DRAIN; quasi-bidirectional I/O with only an N-channel open drain output. 
Application as an output requires connection of an external pull-up resistor (Fig. 11}. 


Option 3 — PUSH-PULL OUTPUT; drive capability of the output will be 1,6 mA (min.) at 
Vpp = 5 V in both polarities. To avoid a large current flowing through the output 
transistors during the input mode, these push-pull pins must only be used as 
outputs (Fig. 12). 


WRITE PULSE 


DATA BUS 


constant |, 
current (typ. 
source 


ie —] 1/O PORT 
TR1 | LINE 


as | 
Vss 


MOV /ORL/ANL 


7287792, 2 
MOV/IN 


Fig. 10 Standard output with switched pull-up current source. 
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_ FUNCTIONAL DESCRIPTION (continued) 


_ WRITE PULSE — , . | : ee Vop 
} 7 3 | TRI | 
< . | Vss 


‘MOV/ORL/ANL | | 
4 | 7287793.2 


MOV /IN 


1/0 PORT 
Es LINE 


Fig. 11 Open drain output. 


WRITE PULSE 


S TR2 
>O 


DATA BUS D MQ ‘ D sa 
a a constant 100 pA 
_ current (typ.) 

he O—1D Ma D sa 


source 


J OUTPUT 
TRI , LINE 
Donal 
<4 | Vss 
| 7Z87794.2 


MOV/ORL/ANL 


Fig. 12 Push-pull output. 
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Single-chip 8-bit microcontroller PCF84C12 


Interrupts (see Fig. 13) 


When the external interrupt is enabled, a HIGH-to-LOW transition on the INT/TO input initiates an 
external interrupt subroutine which causes a CALL to program memory location 3 following 
completion of the current instruction. 

The interrupt must remain enabled until the interrupt instruction is completed, otherwise the next 
instruction of the main program will be executed. A timer/event counter overflow forces a CALL to 
location 7 when the timer interrupt is enabled. 


When an interrupt subroutine starts, the contents of the program counter and bits 4, 6 and 7 of the 
PSW have been saved in the program counter stack. Accumulator contents have to be saved by 
software. Interrupt acknowledgement can be carried out by software via port pins. All interrupt 
subroutines must reside in memory bank 0. 


Since the interrupt system is single level, once an interrupt is detected, all further interrupt requests 
are latched, but ignored, pending a RETR instruction to re-enable the interrupt input logic. After 
executing RETR, the program continues in the main part; this is independent of the occurance of a 
second interrupt during the running of the first routine. If 2 interrupts occur simultaneously, their 
priority is: 


@ (1) external 
@ (2) timer/event counter 


An external interrupt can be generated by using the timer/counter in the event counter mode. The 
counter is first preset to (H’'FF’), then EN TCNTI instruction is executed. A LOW-to-HIGH transition 
of the T1 input will then initiate an interrupt subroutine and cause a CALL to location 7. 


On execution of a DIS | instruction, the PCF84C12 always clears the digital filter/latch and the 
External Interrupt Flag. 


The Timer Flag (TF) is reset only when the JTF or JNTF instruction is executed or after RESET. 
The Timer Interrupt Flag is set when timer overflow occurs, only if the timer interrupt is enabled. 
The microcontroller will exit the IDLE mode when one of the following two interrupts is enabled: 


@ External 
@ Timer/event counter 


There is no internal pull-up or pull-down device connected to the external interrupt input (pin 9). 
If required pin 9 must be externally connected to a resistor (R < 100 k{2). When the external 
interrupt is not used pin 9 must be connected to Vpp. 


Improvements to interrupt and timer logic with respect to the MAB8400 family 
For detailed information see the user manual ‘’Single-chip 8-bit microcontrollers’’, PCF84C00 section. 
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FUNCTIONAL DESCRIPTION (continued) 


RESET 
DIS | 


EXT. INT. ACKNOWL 
TIMER INT. ACKNOWL. 


EXT. INT. 
ACKNOWLEDGED 


INTERRUPT 
VECTOR 
ENI- S LOGIC 
ENABLE 
EXT. INT, 
ELAG 
DIS | e 5 
RESET 
Sp Pa. 
INTERR. | 
IN 
PROGR. | 
FLAG _| 
RETR calls = 
TIMER S 5 RESET 
OVERFLOW 
TIMER 
FLAG 


INTE, JTF > | 
RESET —Z_ | 


CONDITIONAL 
JUMP LOGIC 


TIMER INT. 
ACKNOWLEDGED : > 


7296222 


Fig. 13 Interrupt logic. 


Notes to figure 13 


1. INT/TO negative edge is always latched in the digital filter/latch. 

2. Correct interrupt timing is ensured when INT/TO is HIGH for > 4 CP followed by a LOW for 
od CR. 

3. When the interrupt in progress flag is set, further interrupts are latched but ignored, until RETR 
is executed. | 7 

. ADIS | instruction always clears a pending external interrupt. 

5. For all flip-flops, RESET overrules SET. | 


> 
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Oscillator (see Fig. 14) 


The oscillator can be inhibited by the STOP instruction under software control. It is also inhibited 
when a low-supply voltage condition is present to prevent discharge of a weak back-up battery. 
Provided the supply voltage is within the operating range the oscillator will be restarted after a STOP 
instruction by a LOW level at the INT/TO pin or a HIGH level at the RESET pin. 


PCF84C12 


inhibit 
C1 
Ho f 
aS Co 
i) R41 
symbol 
aa 7279510 
(Ro = 502 max.) 7296223 
Fig. 14(a) Oscillator with integrated elements. Fig. 14(b) Crystal! unit equivalent circuit. 


The values of crystal series resistance R1 and the crystal’s total load capacitance Cy (Cg + wiring + 


= external capacitors) must not be above the curve (Fig. 14(c)) for the corresponding frequency. 
= Note; if external capacitors are connected to XTAL 1 and XTAL they must be of equal value. 
5 80 ' 7220152 
way [Vigne Nome || 
se ew TERE TT 
O 
TT 60 
> a ed 
Lu 
. As 

“TAL INET 

oe Ce oe 

Lote ee 
0 _ me Fig. 14(c) Crystal circuit criteria. 


The oscillator has the output drive capability via pin 13 (XTAL2). An external clock can be applied 
to pin 12 (XTAL1). A machine cycle consists of 10 time slots, each time slot being 3 oscillator periods. 


Timer/event counter (see Fig. 15) 


An internal 8-bit up-counter is provided. This can count external events, modulo-32 machine cycles, or 
machine cycles directly. Table 1 gives the instructions that control the counter and the prescaler, and 
the functions performed. 


When used as a timer, the input to the counter is either the overflow or input of a 5-bit prescaler. When 
used as an event counter, LOW-to-HIGH transitions on pin 11 (T1) are counted. The maximum rate at 
which the counter may be incremented is once every machine cycle. When the counter overflows, the 
timer flag is set. The flag can be tested and reset using the JTF (jump is timer flag = 1) or JNTF 
instruction. Overflow also generates an interrupt to the processor via setting of the Timer Interrupt 
Flag when the timer/event counter interrupt is enabled. | 
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FUNCTIONAL DESCRIPTION (continued) 
Table 1 Timer/event counter control 


timer mode 
function modulo-1, modulo-32* 


‘counter mode 


CLEAR MOV T,A (A) = MOV T,A (A) = 
or RESET or RESET 
PRESET MOV T,A MOV T,A 
START STRT T STRT CNT 
STOP STOP TCNT STOP TCNT 
or RESET or RESET 
TEST JTF/JNTF JTF/JNTF 


READ** MOV A,T MOV A,T 


PRESCALER 
a 


cleared on 
start timer 


PS = 1 


XTAL +30 
(internal clock 
frequency ) 


jump if 
timer flag 
load or read =] 


; A O 
8-BIT 
EDGE 
DETECTOR| 8B TIMER/ 
EVENT. 
Cc 


COUNTER 


cleared 
on reset 


A= START TIMER 
B = START COUNTER 
C = STOP TIMER/COUNTER 7289148 


Program status word (see Fig. 16) 


Fig. 15 Timer/event counter. 


The program status word (PSW) is an 8-bit word (1 byte) in the CPU which stores information about 


the current status of the microcontroller. 
The PSW bits are: 


Fig. 16 Program status word. 


@ Bits 0 to 2 stack pointer bits (SPo, SP, SP9) 
® Bit3 prescaler select (PS); 
0 = modulo-32; 1 = modulo-1 (no prescaling) 
@® Bit 4 working register bank select (RBS); 
0 = register bank O; 1 = register bank 1 
® Bit5 not used (1) 
@ Bit6 auxiliary carry (AC); half-carry bit generated by an ADD instruction and used by ‘fis 
decimal adjust instruction DA A 
@® Bit 7 carry (CY); the carry flag indicates that previous operation has resulted in an 
overflow of the accumulator. 
saved in saved in : 
the stack the stack stack pointer 
————, #7 
fev] e+ [res] |ors] >] 
7 6 5 4 3 2 1 0 
MSB LSB 


7289149 © 


* With prescaler select, PS = 0, the timer counts modulo-32 machine cycles, with PS = 1 it counts 
modulo-1 cycles (prescaler not used); prescaler cleared with STRT T, prescaler not readable. 


** READ does not disturb the counting process. 
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Program, status word (continued) 


All bits can be read using the MOV A, PSW instruction. Bits 7 and 6 are set and cleared by CPU 
operation. Bit 4 can be changed by a SEL RB instruction, bit 3 by the MOV PSW, A instruction, and 

bits 0, 1 and 2 by the CALL, RET or RETR instructions and in the event of an interrupt. Bits 7, 6 and 

4 are stored in the program counter stack during subroutine and interrupt calls. These bits are restored 

in the PSW with a RETR (return and restore) instruction which must be used at the end of an interrupt and 
can be used at the end of a normal subroutine. The RET instruction has no restore feature and cannot 

be used at the end of an interrupt. 


Program counter (see Fig. 17) 


The 13-bit program counter is able to address 8 K bytes of ROM. The arrangement of the bits is shown 
in figure 17. During an interrupt subroutine PC 14 and PC19 are forced to logic 0. All 13 bits are saved 
in the stack during CALL and interrupt routines. 


ea ee 


Conventional Program Counter 


e counts OOOH to 7FFH 
e overflows 7FFH to OOOH 


JMP or CALL instructions transfer the 
contents of internal flipflop MBFFO to PC14 
7296224 and MBFF 1 to PC72 


Fig. 17 Program counter. 


Central processing unit 


The PCF84C12 has arithmetic, logical and branching capabilities. The DA A, SWAP A and XCHD 
instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction 
permits efficient table look-up from the current ROM page. 
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Conditional branch logic 


The conditional branch logic within the processor enables several conditions, internal and external to 
the processor, to be tested by the user’s program. Table 2 lists the conditional jump instructions used 
to change the program sequence. The DJNZ instruction decrements a designated register or data 
memory location and branches if the contents are not zero. This instruction is useful for looping 
control. The JMPP@A instruction allows multiway branches to destinations determined by the 
contents of the accumulator. 
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FUNCTIONAL DESCRIPTION (continued) 


Table 2 Conditional branches 


jump condition jump instruction 


accumulator all bits zero JZ 
any bit non-zero JNZ 
accumulator bit test JBO to JB7 
carry flag JC 
| JNC 
timer overflow flag JTF 
JNTF 
test input TO JTO 
: JNTO 
test input T1 JT1 
JNT1 


register non-zero DJNZ 


Test input T1 (pin 11) 
The T1 input line can be used as: 


@ A test input for branch instructions JT1 and JNT1 
@ An external input to the event:counter 


When used as a test input: 


@ JT1 instruction tests for logic 1 level 
@ JNT1 instruction tests for logic O level 


When used as an input to the event counter, T1 must be LOW for > 4 CP, followed by a HIGH for 
> 4 CP. The transition can be recognized with a repetition rate of once per 30 oscillator clock periods 
(1 machine cycle). 


There is no internal pull-up or pull-down resistor connected to the T1 input. If required it must be 
externally connected to a resistor (R = < 100 k{2). When T1 is not used pin 11 must be connected to 


Vpp or Vss. 


Reset (pin 14) 
A positive-going signal on the RESET input: 


@ Sets the program counter to zero 

Selects location 0 of memory band 0 and register bank O 

Sets the stack pointer to zero (000); pointing to RAM address 8 
Disables the interrupts (external and timer) 

Stops the timer/event counter, then sets it to zero 

Sets the timer prescaler to modulo-32 

Resets the timer flag 

Sets all ports to input mode 

Cancels IDLE and STOP mode 
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Power-on-reset and low-voltage detection (see Fig. 18) 


Correct operation of the PCF84C12 during moments of slowly changing supply voltages and low-voltage 
conditions is essential. This is achieved by the addition of an internal power-on-reset and low-voltage 
detection circuit. To allow an external RESET signal being fed into the PCF84C12, the reset pin (pin 14) 
has been configured as an input/output. 


While a reset condition exists in the detection circuit, pin 14 is pulled HIGH by TR1 controlled by the 

reset circuit. 

When the reset condition ts not present a pull-down current source (TR2) will be activated. TR2 forces 
pin 14 LOW thus removing the RESET signal from the microcontroller. | | 


Since the level at pin 14 is recognized by the microcontroller, the reset time constant can be stretched 
by connecting an external capacitor between Vpp and pin 14 (see Fig. 19). 


The signal at pin 14 can also be used as an output to reset other devices in the system. 


The internal reset circuit monitors the PCF84C12 supply voltage. If the voltage drops below the 
switching level (typ. 1,5 V), a reset (HIGH) is applied to pin 14. This reset is removed (pin 14 goes 
LOW), after a fixed delay (tq), when the supply voltage rises above the switching level again. The delay 
ensures a complete reset even when the supply voltage quickly rises above switching level after initial 
switch-on. 


If the supply voltage does not reach its minimum value for the frequency of operation (see Fig. 21) 
within 1860 clock periods, the internal RESET delay is not sufficient. 


a 6 
P; During a low-voltage condition the oscillator is inhibited to prevent complete discharge of a weak 
Q battery. The timing of the power-on-reset and low-voltage detection circuit is shown in Fig. 19. 
= 
a 
Lu 
= 
re) 

20 
ai Vpp 
> oscillator 
ray inhibit 

TRI 
POWER ae i p 
Vref —> ON 
RESET Jt 
RESET 
= current A 
source 
PCF84C12 internal 
y reset 
10 
L Vss 


7296225 


Fig. 18 Power-on-reset configuration. 
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FUNCTIONAL DESCRIPTION (continued) 


Vop . low voltage condition 
SUPPLY VRESET | 
VOLTAGE ai coon 
Or saa 


Vop Fae einen rips“ ima el 
RESET | 
1%) ’ 
54) 


— Fri tg «+ —>' tg <— 
: 7297332 __ 
Where: (1) Oscillator inhibited 
(2) Oscillator starting 
(3) Oscillator running, but may be stopped with a STOP condition — 
Fig. 19 Timing of power-on-reset and low-voltage detection. 
20 Vpp 
oscillator 
inhibit 
Creset 
r p 
ef ——P| 
s | SL 44] RESET 
battery | 
current 3 supply 
source 
(10 pA) | 
< 100 E (A) 
internal kQ 
PCF84C12 : nae 
il 10 | 
J Vv 
Ss 2 «17296226 


Fig. 20 Stretched power-on-reset with external capacitor. 
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INSTRUCTION SET 


The PCF84C12 instruction set consists of over 80 one and two byte instructions and is identical to 
the MAB8400 instruction set. New instructions are added for STOP and IDLE mode. Program code 
efficiency is high because all RAM locations and all ROM locations on a 256 byte page require only 
a single byte address. 


Table 5 gives the instruction set of the PCF84C12. Table 4 shows the instruction map and Table 3 
details the symbols and definition descriptions that are used. 


Table 3 Symbols and definitions used in Table 5 


definition description 


accumulator 
program memory address 

bit designation (b = 0-7) 

register bank select 

carry bit (bit CY) 

event counter 

mnemonic for 4-bit digit (nibble) 
8-bit number or expression 
interrupt 

memory bank flip-flop 

mnemonic for ‘in-page’ operation 
program counter 

port designation (p = O, 1 or 2) 
program status word 

register bank 

register designation (r = 0-7) 

stack pointer 

timer 

timer flag 

test O and 1 inputs 

immediate data prefix 

indirect address prefix 

contents of X 

contents of location addressed by X 
is replaced by 

is exchanged with 
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5 
Table 4 PCF84C12 instruction map “T" 
z © 
° ts 
PS i first hexadecimal character of opcode — 
3 i second hexadecimal character of opcode “or 
x i | NO 
oO 

= ! RSM OSS TAPS PSPS SSS SSSR MPSS SS SS SSS SSS SS PMT SS SSS SHS KS SS SSMS SS SSS HS SSS SSS SHS SS SPSS RMS SS SS SSS MSS SS SSS SS SSS SS SSS SHS SSSR SSS SSS SSS stssesss= |] 

ic } i 0 | 4 i 2 ! 3 i 4 i 5 | & | 7 | 8 | 9 | A | B i C | D | E | F i 

| See ere eee SSeS SSS SSSR PPS SS SS SSS SSS SPP PSS SSP SSS SS SS SSS SSS SSS SSS SS SS SSS SSS SS SSS SSS SS SST SASS SSS SSP SS SSS SSSA ASS SS SSS SSE sees see sessssers=c | 

& 10 NOP 1! IDLE 1} i ADD | JMP | EN I ' JSNTF | DEC At IN AsPp | | | | 

{ ! l | tA:;#datal page 0! ! addr | | 0 ] 4 | | | 1 | | H 

| Tetectetaieaieneaieneieaneteaenaneeneieneanateienenatateaneienenenenaneteateetatananatanaateatetaneamenamematataeteneetenatenmtenanaataemtaemanataeaneanatamateetaataateematetataetaemataateatamatatamamateaaatataematataenamaate 

f 4 7 INC @Rr i JBO +t AbdDDC i CALL ? DIS 11 j%JTF | INC Al INC Rr } 

| i 0 1 1 ! addr tAs#datai page Oi 1 addr | | 0 ! 1 } zZ | 3 | 4 | 5 | 6 | 7 i 

re aeetealateateiatatetaretateaiatetedetatetatetetatetaiabetatateiatatabaietatenenantatetemanatatenaenemenatamadanaaneatanateianeeneeneetananaataneteananaeanatataenenatatanaataatmanaemaataaatamataametaateanataatataatatataaamanaaaene 

$ 2 } XCH As@Rr i STOP | MOV tft JMP J EN 1 JNTO | CLR A | XCH AsRr | 

l } DB | 1 | lAs#datal page i! TCNTI 1 addr | i 0 } i 1 z I 3 } 4 ! 5 | & i 7 ] 

ho tetecbeteateteeteteitetetetemetetatatatetataiatatatatenatetateneenaatetatetataateamemtananateetenanaenaetaatemataenanatamnetateaeateteataanamatataatanamanatatataienctatedanataatataataatatatatataaetataatenatataneatatetataaataateedetatated | 

1 3 t XCHD Asa@Rr 1 JB1 1 } CALL | DIS 4 JTO | CPL At OUTL PposAé | i l | 

| | 0 J 1 { addr | 1 page 11 TCNTI j addr | | 0 | 1 | | 1 | | | | 

 octecestesieteehareientedestanesieatetaieedeatemeteeeateaetaietedneasaatatanenetetenenaiaetedaastaiateatamaeamatatanatatatatamabsnenaneetetemetaneteteatenaamatateiaaenaamanateamabatamanataatataaamaatabaaeamaatamtaaatadetaatateteteteeatate 

' 4 | ORL A;saRr i MOV | ORL | JMP | STRT ! JNT1 $ SWAP | ORL AsRr | 

| l 0 | 4 1 AsT JAs#datal page z! CNT | addr | A l 0 l 1 ! Z i 3 1 4 l 5 | & | 7 | 

i stesisterterteraierteeteientenbeteaieaientenieneieteneienetemeteteteneieneneneetatenaametanetetanataietatataneneaneenetetatateenatatetaietaetetatateenaamataatenatametataetaaatatenatataaneataatatatataataaaataaatatateamemaatatedaecedeete 

1 5 | ANL As@Rr 1 JBzZ } ANL | CALL | STRT i JT1 1 DA A | ANL AsRer ] 

j | 0 | 1 1! addr lA;#datal page 2! a 1 addr |i | 5 1 i | Z i 3 | 4 j 5 | & | 7 j 

| ------------------------------ = -- + -- 5 5 5 5 nn nnn en nn nn nn nn nn nn nn nn nn nn nnn nn nn nn nnn nn nn nnn nn nn nn nnn een == 

1 6 | ADD Asa@Rr 1 MOV |} t AMP | STOP i 1 RRC A i ADD A>sRr | 

| i 0 1 1 1 TsA | ] page 31 TCNT | l | Q | 1 l z i 3 | 4 l 5 | é i a ] 

iterates ier ieesieeeeieerieenieni een entertain ieieeeietemeiemieieeieteeteietenetatanenananetataetanenataietateneatanatetatatanabenataaemetaeemeeemaateamataaateaaataamataaametataeeteaeeateee tet 

1 7 | ADDC A;saRr 1 JB3 ) 1} CALL 1 ] 1 RRA | ADDC AsrRr 1 

| i j 4 t addr | i page 3} ! | | 0 ! 1 i 2 | 3 i 4 1 5 | & | 7 | 

| ~-------- +--+ - ~~ -- -- = +--+ 5 5 oe oo nn ono eo en nn nn nn nn nn nn nn nn nnn nn nn nnn nnn nn nn nnn nnn nn nnn nnn nnn nn ee ee = 

1 8 j l | i RET | JSMP } j i 1 ORL Pp:*#data i i i | j 1 

! i 1 | page 41 | rf) i 1 | | | 

| ---- === (en on on oe nn ro ee nn en ne nn nn nn nn nnn nn nn nn nn nn nnn nn nn nnn nn nn nnn nn nn nnn nee ] 

19 } | 1 JB4& 3 RETR 1 CALL } 1} JNZ | CLR C 1} ANL Pp: #data i i | 1 

| | | | addr ! i page 4! 1 addr |}! l 0 | 4 1 i I | | | i 

| -----~+--------------- +--+ = $e on on nn nnn nn nen nn nnn nn nn nnn nnn nn nn nnn nnn nnn nnn nnn nnn eee 

1 A |} MOV @RriA i | MOVP | JMP fj | 1 CPL C | MOV RrsA l 

! | 0 l 1 l | AsdA | page 5! ! 1 | 0 I 4 1 Zz l 3 1 4 1 5 | b j 7 JA 

J -----~-- ia hearin eieneienieerinienieeteenieteatememeateniemetetnetanetetedeetenetetetetemetanataatetatanatanaetaanaaieanaanataataataaanatetaeaaaeaataemanaataataaaatataemaemaatatataaetataaeedeteateteeteetettte 

1 B | MOV ARrs#data | JBS | JMPP | CALL 1 1 1 1 MOV Rritdata I 

j | 8) 1 1 | addr | aA |! page 5i { | | 0 | 1 4 z | 3 } 4 1 5 i & i 7 | 

| ------~-----~----~--------+--------------- wa naan oo oo oo no nn nn nn ee nn nn nn nn enn nnn nnn nn nnn en ne === | 

i} ¢ | DEC @Rr } 1 1 JMP {| SEL ft JZ 1 MOV | DEC Rr | 

| | 0 | 4 | | ! page 6! RBO | addr i AsPSW } 0 } 4 i 2 | 3 | 4 | 5 i ) { 7 | 

i tatestaeieiarietesieeirtatrientebatietesiaeeiateniae ieee eter Teeaieertatekeeatesteetenedatetateteheteteteetetetetetadetadetetebetatanetatabaneetanetatatanaemaaatatamatataaammateatamatanaaatatatatanaadaenaaamteatataedateeette | 

} BD | XRL AvaRr i} JB& | XRL 1 CALL 1 SEL | } MOV | XRL AsRr | 

} i 0 | 1. | addr jA:#datal page 61 RBi | 1 PSWsA | 0 | ge } 2 i 3 i 4 | 5 i 6 | 7 j 

Ts tentasieestosienierrienbeeinienierieieniemieienienieineientenenieiemeieeienementenemeteenenensaetenteneneaneetanateeatanetetnetenatetetaneeetaetatetaatetatadatatenetamaataatedatananatatataemaataaeaaetatatateaataamatatatataaaeaanataeetatatanetetetete 

1 € | DJNZ O@Rrsaddr | | i: JMP  } i JNC +} RL A i DJNZ Res addr i 

i i 0 i 1 | | | page 7] 1 addr | | G | 4 | z | 3 i 4 | 3 | ) | 7 1 

 isheetederhesteerienteceeneanesiententniemtemeeieieeherietenaeiemeneteneietenenenetetensnsneteeneneetatenetemenetansietedatenatetensieteetetedsienatetaetenetatanatatatadataetataatdananataetabamaamatemabanemaaaaataataatatataeeaaeeteteeeeaete | 

1 F t MOV A;saRr 1} JB? } i CALL | i Jeo ot RLC At MOV A>Rr ! 


j ! 0 | 1 1 addr i | pege 7! | eadr | 1 0 i 1 | 2 i 3 | 4 | i) i & { 7 i 
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Table 5 Instruction set 


mnemonic opcode bytes/ | description function notes 
(hex.) cycles 


49|[01}U09019IW 31G-g diys-ajHuls 


ADD A, Rr Add register contents to A (A)<(A) + (Rr) r= 0-7 1 
ADD A, @Rr 60 Add RAM data, addressed by Rr, to A (A)<(A) + ((RO)) 1 
61 (A)<(A) + ((R1)) 
ADD A, #data O03 data Add immediate data to A (A)<-(A) + data 1 
ADDC A, Rr 7 Add carry and register contents to A (A)<(A) + (Rr) + (C) r=0-7 | 1 
ADDC A, @Rr 70 Add carry and RAM data, addressed (A)<(A) + ((RO)) + (C) 1 
71 by Rr, toA (A)<(A) + ((R1)) + (C) 
ADDC A, #data | 13 data Add carry and immediate data to A (A)<(A) + data + (C) 1 
ANLA, Rr 5 "AND’ Rr with A (A)<(A) AND (Rr) r= 0-7 
ao | ANL A, @Rr 50 ‘AND’ RAM data, addressed by Rr, with A | (A)<(A) AND ((RO)) 
© 51 (A)<(A) AND ((R1)) 
< | ANLA, #data 53 data ‘AND’ immediate data with A (A)<(A) AND data 
= ORLA, Rr 4* ‘OR’ Rr with A (A)<(A) OR (Rr) f= 0-7 
= ORL A, @Rr 40 ‘OR’ RAM data, addressed by Rr, with A (A)<-(A) OR ((RO)) 
a 41 (A)<(A) OR ((R1)) 
- 1ORLA, #data 43 data ‘OR’ immediate data with A (A)<(A) OR data 
XRL A, Rr D* ‘XOR’ Rr with A (A)<(A) XOR (Rr) r=Q-7 
XRL A, @Rr DO ‘XOR’ RAM, addressed by Rr, with A (A)<(A) XOR ((RO)) 
D1 (A)<(A) XOR ((R1)) 
XRLA,#data_ | D3 data ‘XOR’ immediate data with A (A)<(A) XOR data 
= INCA 17 increment A by 1 (A)<-(A) + 1 
DEC A 07 decrement A by 1 (A)<(A) —1 = 
S CLRA 27 clear A to zero (A)<0O — 
© CPLA | 37 one’s complement A (A)<NOT(A) a 
o RLA E7 rotate A left (An + 1)<(An) n=0-6 > 
(Ag) (Aq) 2 
NO 


aS 
_ 
ol 


OLY 
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INSTRUCTION SET (continued) 


rotate A left through carry 


rotate A right 


rotate A right through carry 


decimal adjust A 


ACCUMULATOR (cont.) 


swap nibbles of A 


move register contents to A 
move RAM data, addressed by Rr, to A 


MOV A, Rr 
MOV A, @Rr 


MOV A, #data move immediate data to A 
MOV Rr, A 


MOV @Rr, A 


move accumulator contents to register 


move accumulator contents to RAM 
location addressed by Rr 


MOV Rr, #data move immediate data to Rr 


MOV @Rr, #data 


move immediate data to RAM location 
addressed by Rr 


exchange accumulator contents with Rr 


BO data 
B1 data 


DATA MOVES 


XCH A, Rr 


XCH A, @Rr exchange accumulator contents with 


RAM data addressed by Rr 


exchange lower nibbles of A and RAM 
data addressed by Rr 


move PSW contents to accumulator 


XCHD A, @Rr 


MOV A, PSW 
MOV PSW, A 
MOVP A, @A 


move accumulator bit 3 to PSW3 


move indirectly addressed data in 
current page to A 


CLRC 97 
CPLC A7 


clear carry bit 
complement carry bit 


FLAGS 


(An + 1)°An 


(An)<(An + 1) 
(A7)<(Ag) 
(An) (An + 1) 


(A4_7)(Ag_3) 
(A)<(Rr) 


(A)<-((RO)) 
(A)<((R1)) 


(A)<data 
(Rr)<(A) 


((RO))<(A) 
((R1))<(A) 


(Rr)<data 


((RO))<data 
((R1))<-data 


(A)<>(Rr) 


(A)<>((RO)) 
(A)<>((R1)) 


(Ap_3)((R19_3)) 
(A)<(PSW) 
(PSW3)<(A3) 


(C)<0 
(C)<NOT(C) 


(Ag)<(C), (C)<(A7) 


(A7)<(C), (C)<(Ag) 


(Ap_3)<((ROg_3)) 


(PCo_7)<(A), (A)<—((PC)) 


n =0—6 


n=0—6 


r=0-7 


r=0-—7 


r=0-—7 


v 
©) 
= 
Oo 
ae 
©) 
cack 
NO 


= 
° 
< 
@ 
= 
oO 
@ 
“~ 
— 
© 
00 
Oo) 


a a 
O 
= 
< 
cc 
a 


LLD 


INC Rr 
INC @Rr 


DEC Rr 
DEC @Rr 


REGISTER 


JMPP @A 
DJNZ Rr, addr 


DJNZ @Rr, addr 


JBb addr 
JC addr 
JNC addr 
JZ addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JTF addr 
JNTEF addr 


B3 


mnemonic opcode 
(hex.) 
1s 


10 
11 


CG* 
CO 
C1 


@ 4 address 


E* address 


EO 


E1 


A 2 address 
F6 address 
E6 address 
C6 address 
96 address 
36 address 
26 address 
56 address 
46 address 
16 address 
O6 address 
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bytes/ | description 
cycles 


1/1 
1/1 


1/1 
1/1 


increment register by 1 
increment RAM data, addressed by Rr, by 1 


decrement register by 1 
decrement RAM data, addressed by Rr, by 1 


unconditional jump within a 2 K bank 


function 


(Rr)<(Rr) + 1 
((RO))<((RO)) + 1 


((R1))<((R1)) +1 
(Rr)<(Rr) —1 

((RO))<((RO)) — 1 
((R1))—((R1)) —1 


(PCg_1409)<addrg_19 
(PCo_7)<addrp_7 
(PC44_142)<-MBFF 0-1 


indirect jump within a page 


decrement Rr by 1 and jump if not 
zero to addr 


decrement RAM data, addressed by Rr 
by 1 and jump if not zero to addr 


jump to addr if Acc. bit b= 1 
jump to addr if C = 1 

jump to addr if C=O 

jump to addr if A=0 

jump to addr if A is NOT zero 
jump to addr if TO = 1 

jump to addr if TO=0 

jump to addr if T1 = 1 

jump to addr if T1 =O 

jump to addr if Timer Flag = 1 
jump to addr if Timer Flag = 0 


(PCo_7)<((A)) 
(Rr)<-(Rr) — 1 


((RO))<((RO)) —1 


((R1))<((R1)) —1 


ifb=1 : (PCg_7)<addr 
ifC=1 : (PCo_7)<addr 
if C=O : (PCo_7)<addr 


if A=0 : (PCo_7)<addr 
if A#O : (PCo_7)<addr 
if TO = 1: (PCo_7)<addr 
if TO = 0: (PCo_7)<addr 
if T1 = 1: (PCg_7)<addr 
if T1 =O: (PCo_7)<addr 
if TE = 1: (PCp_7)<addr 
if TF = 0: (PCo_7)<addr 


if (Rr) not zero (PCo_7)<addr 
if ((RO)) not zero (PCg_7)<addr 


if ((R1)) not zero (PCg_7)<addr 


r= 0-7 


2” 
a 
= 
ig 
iv] 
= 
xe) 
ce 
S. 
ob 
3 
Q 
= 
.o) 
© 
.°] 
ao 
ot 
= 
= 
o 
= 


clLOvV84ADd 


SLL 


pe 
me?) 
< 
© 
=| 
cy 
-® 
—2 
© 
moo) 
oO 


INSTRUCTION SET (continued) 


MOV A, T move timer/event counter contents to (A)<(T) 


accumulator 


MOV T,A move accumulator contents to (T)<(A) 


timer/event counter 


STRT CNT 
STRT T 
STOP TCNT 
EN TCNTI 
DIS TCNTI 


start event counter 


start timer 


stop timer/event counter 


enable timer/event counter interrupt 


TIMER/EVENT COUNTER 


disable timer/event counter interrupt 


EN | 1/1 enable external interrupt 
_, | DIS| 1/1 disable external interrupt 
© |SEL RBO 1/1 | select register bank 0 (RBS)<0 
= SEL RB1 1/1 select register bank 1 (RBS)<1 
© | STOP 22 1/1 |enter STOP mode 

IDLE 01 1/1 jenter IDLE mode 


CALL addr 4 4 address 


2/2 jump to subroutine ((SP))<(PC), (PSWa 6 7) 
(SP)<(SP) + 1 
(PCg__49)<addrg__ 19 
(PCo_7)<addr9—7 
(PC14_12)<MBFF 0-1 


1/2 return from subroutine (SP)<(SP) —1 
(PC)<((SP)) 


1/2 return from interrupt and restore (SP) <(SP) —1 
bits 4, 6, 7 of PSW (PSW4 6, 7) + (PC)<((SP)) 


SUBROUTINE — 


“0 
©) 
m1 
Co 
PSS 
= 
NO 


DEVELOPMENT DATA 


opcode bytes/ | description 
(hex.) cycles 
08 1/2 fi 


input pert p data to accumulator 


mnemonic | function 


(A)<(PQ) 


” 
= 
e 
© 
© 
=, 
oc 
| 9 
5 | 09 (Aj<(P1) c 
| | 7 3 
| Q | OUTL Pp, A | 38 | 1/2 | output accumulator data to port p | (PQ)<(A) g 
E | 39 (P1)<(A) 8 
~ | | 5 
: i 
| ANL Pp, #data | 98 2/2 AND port p data with immediate data (PO)<(PO} AND data | | a 
| i | | 99 (P1)+(P1) AND data | : 
E | | 
| a |ORLPp,#data | 88 | 2/2 ! OR port p data with immediate data (PO)<(PO) OR data 
| = 89 | | | (P1)<-(P1) OR data | 
, NOP 00 | 1/1 |no operation 
Notes to Table 8 
1.PSW CY, AC affected 5. PSW RBS affected 
2. PSW CY affected 6. PSW SPg, SP4, SPo affected 
3. PSW PS affected 
4. Execution of JTF and JNTF instructions resets the Timer Flag (TF). 
* 0; g, A, B, C; D, Ec; P 
@:0,2,4,6,8,A,C,E 
4 :1,3,5,7,9,B,D,F 


S961 JaquisAONj 


“J 
©) 
“TI 
00) 
rs 
= 
NO 


6LY 


420 


PCF84C12 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 20) VppD —0,8to+8 V 
All input voltages Vy 08 to Vpp+0,8 V 
D.C. current into any input or output | +lj,£1Q max. 10 mA 
Total power dissipation (see note) Ptot max. 500 mW 
Power dissipation per output Po max. 50 mW 
Storage temperature range Tstg —65 to+ 150 °C 
Operating ambient temperature range Tamb —40 to +85 °C 
Operating junction temperature | Tj max. | 125 9C 
HANDLING 


Inputs and-outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
"Handling MOS devices’). 


Note 

Thermal resistance (junction to ambient) 
for SOT-146 Rth j-a max. 120 K/W 
for SOT-163A Rth j-a max. 150 K/W 
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Single-chip 8-bit microcontroller PC F84C12 


D.C. CHARACTERISTICS 


Vpp = 2,5 to 5,5 V; Vss = 0 V; Tamb = —40 to + 85 °C; all voltages with respect to Vgq; unless 
otherwise specified. 


Supply voltage 
operating (see Fig. 21) V 


Supply current 
operating (see Fig. 22) 
at Vop = 9 Vi fx TAL = 6 MHz mA 
at Vpp =3 V; fx TAL = 3,58 MHz LA. 


IDLE mode (see Fig. 23) 
at Vpp = 5 V; fx TAL = 6 MHz mA 
at Vpp = 3 V; fx TAL = 3,58 MHz UA 


STOP mode (see Fig. 24 and note 1) 
at Vpp = 2,5 V; Tamb = 25 OC uA 
at Vpp = 2,5 V; Tamb = 85 OC LA 


RESET 1|/O 
Switching level V 


Sink current 
_ at Vpp > VRESET WA 


Inputs 
Input voltage LOW V 
Input voltage HIGH V 


DEVELOPMENT DATA 


Input leakage current 
as Vgg < V1 <Vpp LA 


Outputs 
Output voltage LOW | 

at Vj = Vss or Vpp; Ilol << 1uA ; V 
Output sink current LOW 

at Vpp =5 V + 10%; Vo = 0,4 V mA 
Pull-up output source current HIGH 

at Vpp =5 V + 10%; Vo = 0,/ Vpp BA 

at Vpp =5 V + 10%; Vo = Vss LA 
Push-pull output source current HIGH 

at Vpp = 5 V + 10%; Vo = Vpp—0,4 V mA 


Note 1 
Crystal connected between XTAL1 and XTAL2; T1 at Vss, INT at Vpp. 
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___ 7297323 


3 rn nn 


lbp 


(mA) : 
2 
| — 


es 


Oo 
nN 
fa 


6 


Vpp (Vv) 
(1) clock frequency = 100 kHz (1) clock frequency = 6 MHz 
(2) clock frequency = 1MHz (2) clock frequency = 3,58 MHz 


(3) clock frequency = 3MHz 


(4) clock frequency = 10 MHz Fig. 22 Typical supply current (Ipp) 


Fig. 21 Maximum clock frequency (fx TAL) in operating mode as a function of the 
as a function of the supply voltage (Vpp). supply voltage (Vpp); Tamb = 25 °C. 


__ 7297325 


(1) clock frequency = 6 MHz (1) Tamb = 85 °C 

(2) clock frequency = 3,58 MHz (2) Tamb = 25 OC 

Fig. 23. Typical supply current (Ipp) _ Fig. 24 Typical supply current (Ipp) 

in IDLE mode as a function of the supply in STOP made as a function of the supply 
voltage (Vpp); Tamb = 25 OC. voltage (Vpp). 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice, 


PCF84CXX 
FAMILY 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 


The PCF84CXX family of microcontrollers is manufactured in CMOS technology. The family consists 
of the following devices: 


@ PCF84C00 — 256 RAM bytes, external program memory 
@ PCF84C21 — 2 K ROM/64 RAM bytes 

@ PCF84C41 — 4 K ROM/128 RAM bytes 

@ PCF84C81 — 8 K ROM/256 RAM bytes 


Each version has 20 quasi-bidirectional |/O port lines, a serial |/O interface, a single-level vectored 
interrupt circuit, an 8-bit timer event counter and on-board clock oscillator and clock circuits. 


This microcontroller family is an efficient controller as well as an arithmetic processor. The instruction 
set is based on that of the MAB8048 and is pin- and instruction set compatible with the MAB8400 
family. 

The microcontrollers have bit handling abilities and facilities for both binary and BCD arithmetic. 


For detailed information see the user manual “‘Single-chip 8-bit microcontrollers’’. 


Features 


@ 8-bit CPU, ROM, RAM, I/O in a single 28-lead DIL or SO package 

@ 2K,4Kor8 K ROM bytes plus a ROM-less version 

@ 64, 128 or 256 RAM bytes 

@ 20 quasi-bidirectional |/O port lines 

® Two test inputs: one of which is also the external interrupt input 

®@ Single-level vectored interrupts: external, timer/event counter, serial |/O 
@ |*C hardware interface for serial data transfer on two lines; 

(serial |/O data via an existing port line and clock via a dedicated line) 
8-bit programmable timer/event counter 

Clock frequency 100 kHz to 10 MHz 

Over 80 instructions (based on MAB8048) all of 1 or 2 cycles 

Single supply voltage from 2,5 V to 5,5 V 

STOP and |DLE mode 

Power-on-reset circuit 

Operating temperature range: —40 to +85 OC 


PACKAGE OUTLINES 


PCF84C21/41/81P: 28-lead DIL; plastic (SOT-117). 

PCF84C21/41/81T: 28-lead mini-pack; plastic (SO-28; SOT-136A). 

PCF84CO0B : 28-lead ‘Piggy-back’ package (with up to 28-pin EPROM on top). 
PCF84COOT : 56-lead mini-pack; plastic (VSO-56; SOT-190). 
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SERIAL DATA/P23 


(pin 2) 


SCLK 
(pin 3) 


SERIAL 
INPUT / 


OUTPUT 


| 

| 

| 

| 

| 

clock] DATA PORT 2 
BUFFER 

| 


PORT 2 
LATCH 


P22—P20 RESIDENT ROM 


(pins 1,27, 26) 


2K BYTES 
4K BYTES 
8 K BYTES 


DECODE 


MEMORY 
BANK 
FLIPFLOPS 


TIMER/ 
EVENT 
COUNTER 


HIGHER 
PROGRAM 
COUNTER 


LOWER 
PROGRAM 
COUNTER 


PROGRAM 
STATUS 
WORD 


P07—P00 


PORT 0 
BUFFER 


INTERFACE INTERNAL (8) (5) (8) 
CLOCK | 
SiO FREQ. TEST 1 | 
inter. + 30 


{ 


=7 


ACCUMULATOR TEMP. REG. 1 PROGRAM ADDRESS 
(8) (8) COUNTER REGISTER REGISTER 0 
REGISTER 1 
REGISTER 2 
Vv ARITHMETIC INSTRUCTION REGISTER 3 
ref LOGIC UNIT REGISTER REGISTER 4 
1,5V & REGISTER 
DECODER Slee 
D REGISTER 6 
REGISTER 7 
2) 8 LEVEL STACK 
—_ x (VARIABLE LENGTH) 
Vv +— INT/TO 
DD OPTIONAL SECOND 
POWER . ae «— TEST 1 REGISTER BANK 
SUPPLY SS soheldtc DECIMAL TIMER 
——~ GND interrupt ADJUST FLAG 
aims DATA STORE 
STOP «— ACC 
NTR MIN 
_ CONTROLS TRING ACC BIT 
IDLE INT/TO RESET XTAL1 XTAL2 TEST 


INTERRUPT INITIALIZE OSCILLATOR 


XTAL 


Fig. 1 Block diagram; PCF84CXX. 


RESIDENT RAM ARRAY 


7297336 


(a) (b) 


7220149 


Fig. 1a Replacement of dotted part 
in Fig. 1, for the PCF84COOT 
ROM.-less version. 


Fig. 1b Replacement of dotted part 
in Fig. 1, for the PCF84CO0OB 
- ''Piggy-back’ version. 
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Single-chip 8-bit microcontroller 


PINNING 


SCLK 


PCF84C21 
POS PCF84C41 
PCF84C81 


72973211 


Fig. 2 Pin designation of the PCF84C21/41/81. 


PIN DESIGNATION 


DEVELOPMENT DATA 


function 
SCLK Clock: bidirectional clock for serial |/O. 
POO-P07 Port 0: 8-bit quasi-bidirectional I/O port. 


INT/TO Interrupt/Test 0: external interrupt input (sensitive to negative-going 
edge)/test input pin; when used as a test input directly tested by 
conditional branch instructions JTO and JNTO. 

Test 1: test input pin, directly tested by conditional branch instruc- 
tions JT1 and JNT1. T1 also functions as an input to the 8-bit 
timer/event countertimer/event counter, using the STRT CNT 
instruction. 

Ground: circuit earth potential. 

Oscillator input: crystal which determines the internal oscillator 
frequency or the external clock generator. 

Connection to other side of timing component. 

Reset input: used to initialize the processor (active HIGH), or out- 

put of power-on-reset circuit. 

Port 1: 8-bit quasi-bidirectional |/O port. 

Port 2: 4-bit quasi-bidirectional |/O port. P23 is the serial data 

input/output in serial |/O mode. 


Power supply: 2,5 V to5,5 V. 
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PINNING (continued) 
Pin designation of PCF84COOB piggy-back version 


SCLK 


(address bus) 


(data bus) 


PCF 84COOB 


DO-D7 


EPROM 


max. 8K bytes PCF84COOB 


( piggy -back version) 


CE 


T1 
-——____—___——. 


INT/TO 
RESET 


XTAL1 


XTAL2 


7297337 7297340.1 
Fig. 3 Pinning diagram: PCF84C00B Fig. 3a Connection of EPROM to 
’Piggy-back’ version top pinning; ’Piggy-back’ package PCF84COOB. 


to access a 2732 or 2764 EPROM. 


The PCF84COOB is chiefly used in prototyping and low volume production. The device is mounted 
in a ‘piggy-back’ package, i.e. a 4 K or 8 K byte EPROM may be mounted in the 24/28 pin socket 
on top of the package. 


Notes 

1. RAM capacity of PCF84COOB is 256 bytes. 

2. Access time for ROMS/EPROMS to be below 7 x 1/fx TAL. 
3. Bottom pinning is identical to that of Fig. 2. 
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p22 [1 | 8 sa Vop 
P23 P21 
SCLK P20 
Poo | 4 | P17 
Pot | 5 | P16 
DXALE | 6 151] P15 
n.c. [50] P14 
po2 [ 8 | }49] EXDI 
PO3 | 9 48) P13 
PO4 [10 | [47] P12 
PO5 P11 
POG [45] P10 
po7 [ia] 144] RESET 
= INT/TO XTAL2 
ms ait PCF84CO0T wre 
a | 
aT po [16 | 41] PSEN 
= o1 [tr] o D7 
us D2 [18 [38] ve 
a Ai2 [19] [38] 05 
pxwe [20 37] D4 


ao 
Oo 
ie) 


DXRD 


fs 
> 
oS 


pr Sfiartoriarier ta 
o = N a) oO 
> 
ok 


~ 7297320 


Fig. 4 Pinning diagram; ROM-less version PCF84COOT. 


The PCF84COO0T is chiefiy used for prototyping future derivatives of the PCF84CXX family or 
low-volume production. The device is packaged in a 56-lead VSO outline. Additional signals are available 
(see pinning information following) to contral external program memory and derivative functions. 
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PIN DESIGNATION (continued) 


34-29 | AOO-A12 | O Address outputs. 
27-22, 19 


16-18 DO-D7 I/O Data lines, internal pull-ups provided. 
36-40 


41 PSEN O Program store enable (active low). Used for enabling external 
program memory. Active during TS9 and TS10 of each machine 
cycle and TS1 of each following cycle. PSEN is halted during 
STOP mode. 


DXALE O Address latch enable. Using the falling edge, the Dx address can be 
latched in an appropriate external latch. This signal occurs only 
during execution of the MOV Dx,A, MOV A,Dx, ANL Dx,A 
and ORL Dx, A instructions, with x = O to FF H. 


DXRD O Read strobe (active LOW). When this signal is active, external 
registers emulating Dx registers can be enabled to the data bus of 
the PCF84COO. This signals occurs only during execution of MOV A, 
Dx, ANL Dx,A and ORL Dx,A instructions, with x = O to FF H. 


DXWR O Write strobe (active low). On the rising edge, data on DO-D7 can 
be latched in appropriate external registers emulating Dx. This 
signal occurs only during execution of MOV Dx,A, ANL Dx,A 
and ORL Dx,A instructions, with x = O to FF H. 


EXDI — | External derivative interrupt (active low). EXDI is ‘OR-ed’ with 
the internal serial interrupt and can be used to initiate an interrupt 
from external hardware emulating derivative functions. An internal 
pull-up is provided. A derivative interrupt is internally polled 
during time slot TS6*, and is only accepted if an EN SI instruction 
has been executed and the device is not already in an interrupt 
routine. Derivative interrupts are not latched in the PCF84COO. 


* The interrupt signal must be continually active until the vector address 05 H is present on the 
address bus. 
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Single-chip 8-bit microcontroller 


FUNCTIONAL DESCRIPTION 


ROM-less version PCF84CO0OT 


The PCF84COOT is a microcontroller that contains no on-board ROM, but has all address and data 

lines brought-out to access an external ROM or EPROM. This version has more pins than the PCF84CXX 
with on-board ROM (see Fig. 1a). The device has an address range of 8 K for ROM or external program 
memory, and has an internal data RAM of 256 bytes. 


‘Piggy-back’ version PCF84C00B 


The PCF84COOB is a special package that has standard pinning to the bottom which facilitates insertion 
as a mask-programmed device. An EPROM can be mounted on top in an additional socket. The total 
package height is greater than the standard DIL package. The device has an address range of 8 K for 
ROM or external RAM, and has an internal data RAM of 256 bytes. 


Program memory 


The program memory consists of 2, 4.or 8 K bytes, in a read-only memory (ROM). Each location is 
directly addressable by the program counter. The memory is mask-programmed at the factory. Figure 5 
shows the program memory map. 


Four program memory locations are of special importance: 


@ Location 0; contains the first instruction to be executed after the processor is initialized (RESET), 
® Location 3; contains the first byte of an external interrupt service subroutine; 

® Location 5; contains the first byte of a serial |/O and derivative interrupt service subroutine, 

@ Location 7; contains the first byte of a timer/event counter interrupt service subroutine. 


Program memory is arranged in banks of 2 K bytes, which are selected by SEL MB instructions. The 
program memory is further divided into location ‘pages’, each of 256 bytes. This latter division applies 
only for conditional branches. Memory bank boundaries can be crossed only by using unconditional 
branch instructions after the appropriate memory bank has been selected. A CALL instruction can 
transfer control to a subroutine on any ‘page’; RET and RETR instructions can transfer control from 
a subroutine back to the main program. | 


Data memory 


Data memory consists of 64, 128 or 256 bytes, random-access data memory (RAM). Allocations are 
indirectly addressable using RAM pointer registers; up to 16 designated locations are directly 
addressable. Memory also includes an 8-level program counter stack addressed by a 3-bit stack pointer. 
Figure 6 shows the data memory map. 


Working registers 

Locations O to 7 are designated as working registers, directly addressable by the direct register 
instructions. Ease of addressing, and a minimum requirement of instruction bytes to manipulate their 
contents, makes these locations suitable for storing frequently addressed intermediate results. This 
bank of registers can be selected by the SEL RBO instruction. 

Executing the select register bank instruction SEL RB1, designates locations 24 to 31 as working 
registers, instead of locations 0 to 7, and these are then directly addressable. This second bank of working 
registers may be used as an extension of the first or reserved for use during interrupt service subroutines 
saving the first bank for use in the main program. If the second bank is not used, locations 24 to 31 
may serve as general purpose RAM. 

The first locations of each bank contain the RAM pointer registers RO, R1, RO’ and R1’, which 
indirectly address all RAM locations. 


All RAM locations make efficient program loop counters when used with the decrement register and 
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FUNCTIONAL DESCRIPTION (continued) 


PCF84C81 
PCF84C00 


PCF84C41 


PCF84C21 


COA nN WP OW ~ Ww 


i ae 


>  SELMB2 


> SELMB3 


SEL MB1 


SEL MBO 


| location 7 : timer/counter interrupt vector 


location 5 : serial |/O and derivative 


interrupt.vector 


j location 3: external interrupt vector 


location 0: reset vector 


7297335.1 


Fig. 5 Program memory map. 
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PCF84C00 
PCF84C81 


PCF84C41 


PCF84C21 


BANK 1 
WORKING 


REGISTERS 
8x8 


8 LEVEL 
STACK 


or 2m 


USER RAM | 
16x8 


REGISTERS 
8x8 


addressed 
indirectly 
through pointers 


RG, R1, RO’, R1’ 


directly 
addressable 
when bank 1 
is selected 


directly 
addressable 
when bank 0 
is selected 


7Z297334.1 


Fig. 6 Data memory map. 
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Program counter stack 


Locations 8 to 23 may be designated as an 8-level program counter stack (2 locations per level), or as 
general purpose RAM. The program counter stack (Fig. 7) enables the processor to keep track of the 
return addresses and status generated by interrupts or CALL instructions by storing the contents of 
the program counter prior to servicing the subroutine. A 3-bit stack pointer determines which of the 
eight register pairs of the program counter stack will be loaded with next generated return address. 


The stack pointer, when initialized to 000 by RESET, points to RAM locations 8 and 9. On the first 
subroutine CALL or interrupt, the contents of the program counter and bits 4, 6 and 7 of the program 
status word (PSW) are transferred to locations 8 and 9. The stack pointer increments by one and 
points to locations 10 and 11 ready for another CALL. Because an address may be up to 13 bits long, 
two bytes must be used to store each address. 


At the end of a subroutine, which is signalled by a return instruction (RET or RETR), the stack 
pointer decrements by one and the contents of the register pair on top of the stack are transferred to 
the program counter. The saved PSW bits are transferred to the PSW only by the RETR instruction. 


If not all 8 levels of subroutine and interrupt nesting are used, the unused portion of the stack may be 
used as any other indirectly addressable RAM locations. 


Nesting of subroutines within subroutines can continue up to 8 times without overflowing the stack. 
If overflow does occur the deepest address stored (locations 8 and 9) will be overwritten and lost 
since the stack pointer overflows from 111 to O00. It also underflows from 000 to 111. 
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FUNCTIONAL DESCRIPTION (continued) 


The value of the saved contents of the program counter is different for an interrupt CALL compared 
to anormal CALL to subroutine. With an interrupt CALL, the program counter return address is 
saved; with a subroutine CALL, the saved program counter value is one less than the program counter 
return address. 


STACK 7Z89147.2 
POINTER 


[eer] Pce P05] Pea Pes | Poa] PO] Poo 
ows |PC ras Pca|Pcxo| Po P| 
LSB 


MSB 


Fig. 7 Program counter stack. 


IDLE and STOP modes 


IDLE mode 


When the microcontroller enters the IDLE mode via the IDLE instruction (01 H) the oscillator, 
timer/counter and serial 1/O are kept running. The microcontroller exits from the |DLE mode by one 
of three interrupts if they are enabled or by activating a RESET. If the interrupt is not enabled the 
processor will remain in the IDLE mode. An active signal on the RESET pin restarts the micro- 
controller and a normal RESET sequence is executed (see Fig. 8). 


program 
IDLE counter = 0 
NORMAL MODE IDLE MODE | NORMAL MODE 
PROGRAM FLOW e—_—_—_—_———— eee 


RESET 


tRES |, 1866 


—pS- é 
>1 ys clock periods 7287788 


Fig.8 Exit from IDLE mode via a RESET. 
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An active signal coming from an enabled interrupt causes the execution of the normal interrupt routine 
since normal interrupt scanning is still being carried out. A HIGH-to-LOW transition on the external 
interrupt pin (INT/TO) reactivates the microcontroller. A LOW level applied to INT/TO will reactivate 
the microcontroller only in the STOP mode. Thus,if INT/TO was LOW before the microcontroller 
entered the IDLE mode, it must go HIGH before the microcontroller can be reactivated (see Fig. 9). 


IDLE program counter = 


003H 
<«—————_ IDLE MODE ——_-—_-> 


NORMAL MODE Y NORMAL MODE 
PROGRAM FLOW —————————__—_—_+---__—_—_—_ 


OSCILLATOR EEETLPEELLTEELTTT EEL EET ET HUAUNNAARUAORUOORHOGATOOORNOORVOONDOGTOGRVOURVOD 
INT/TO YUM 


a >4 = <= 60 — 


clock clock clock 
periods periods periods 7297331.1 


Fig. 9 Exit from IDLE mode via an interrupt. 


Wake-up from the IDLE mode is ensured when INT/TO is HIGH for at least 4 CP (clock periods) 
followed by a LOW for 7 CP. After the initial forced CALL 003 H operation (60 CP) the program 
continues with the external interrupt service routine. 


STOP mode 


The microcontroller enters the STOP mode by the STOP instruction {22 H). The oscillator is switched 
off. The internal status of the CPU, RAM contents and the state of I/O ports are not affected. The 
microcontroller can be brought-out of the STOP mode by an active signal at the external interrupt 
input or by an external RESET signal. When one of these two signals is applied an internal delay of 
1866 CP is provided to ensure that all internal clocks are operating correctly before restart (see Fig. 10). 
Note; the start-up time of a crystal oscillator is measured in milliseconds, and the 1866 CP count 

begins after this start-up time. 


DEVELOPMENT DATA 


If the microcontroller exits from the STOP mode by activating RESET, a normal RESET sequence is 


executed. 
program counter = 
0 or O0O3H or next value 


STOP following the STOP instruction 
NORMAL MODE STOP MODE | NORMAL. MODE 
PROGRAM FLOW ————————}—_ ¢@—— nn 


| | 


RESET 


tRES _ 1866 _. 


me >t1ys clock periods 


wo ZI 


_ TINT Z 


> 1s 


1866 
clock periods 


72Z97329.1 


Fig. 10 Entering and exiting the STOP mode. 
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If the microcontroller exits the STOP mode by pulling the external interrupt input pin LOW, an 
interrupt sequence is executed only if the external interrupt is enabled. In this event the micro- 
controller resumes the normal program sequence after returning from the interrupt routine, as in the 
normal mode. If the interrupt is not enabled, it continues the normal program sequence, executing the 
instruction following the STOP instruction. 


The microcontroller is restarted by a LOW level applied at the INT/TO pin, and not by a HIGH-to-LOW 
transition as in a normal interrupt mechanism. 

Note: when leaving the STOP mode with an interrupt, a further instruction in the main program series 
is executed prior to entering the interrupt routine. 


When the INT/TO level is active during the STOP instruction then no STOP is executed. 


A LOW level on the external interrupt input of at least 1 ws will cause the microcontroller to exit the 
STOP mode. 


1/O facilities 
The PCF84CXX family has 23 |/O lines arranged as: 


@ Port 0 parallel port of 8 lines (POO to P07) 

@ Port 1 parallel port of 8 lines (P10 to P17) 

@ Port 2 parallel port of 4 lines (P20 to P23) 

e SCLK serial 1/O clock line | 

e@ INT/TO external interrupt and test input. When used as a test input it can be directly tested by 
conditional branch instructions JTO and JNTO 

eT] test input which can alter program sequences when tested by conditional jump instructions 
JT1 and JTN1. T1 also functions as an input to the 8-bit timer/event counter. 


Parallel ports 


All parallel ports can be used as outputs or inputs, their structure is quasi-bidirectional. 
Output data written to a port is latched and remains unchanged until rewritten. 
Input data is not latched and so must be present until read by an input instruction. 


Input lines are fully CMOS compatible, output lines can drive one TTL or CMOS load. 


cycle 1 ————______»> |_«_—__—____——- cycle 2 


Ly 2s 4 8 6.7. B. 8 10' 1. 2. 8 4 G67 8. 9810 


TIME 
SLOT 


ANL Po. # data 
ORL Po. # data 


PO,P1,P2 DATA OUT 
7220150 
Fig. 11 Shows the timing diagram for all ports using IN, OUTL, ANL and ORL instructions. For the 


OUTL instruction data changes on time slot 7 of cycle 1. For the MOV, ANL and ORL instructions, 
the ports change on time slot 7 of cycle 2. 
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Fig. 12 shows the quasi-bidirectional |/O interface with push-pull output and switched pull-up current 
source. 

Each line is pulled up to Vpp via a constant current source (TR4), which is enabled via TR3 whenever 
one of the two output latches contains a logic 1. This current source is sufficient fora TTL HIGH 
level, yet can be pulled LOW by an external CMOS device, thus allowing the same pin to be used for 
both input and output. 


When a logic 1 is written to the line for the first time (MO = 1, SO = 0), TR2 is switched on for the 
duration of the internal write pulse (one oscillator period), to provide a fast transition from logic 0 to 
logic 1. Subsequent writing of a logic 1 to the port lines will not switch TR2 on. This prevents 
unnecessary current through external components connected to the port lines of the same port which — 
might be in the input mode and also connected to ground. 


When a logic 0 is written to the line, TR3 switches off the current source. Current sinking capability 
is provided by TR1, which is now switched on. When used as an input, a logic 1 must first be written 
to the line, otherwise TR1 will remain low impedance. 


The PCF84CXX family offers the possibility to select individually 19 of the 20 parallel port pins 
(not P23), by the following mask options: (PCF84C00 has only option 1): 


Option 1 — STANDARD PORT; quasi-bidirectional !/O with switched pull-up current source of 
100 vA (typ.) and P-channel booster transistor TR2. 
TR2 is only active during 1 clock cycle (Fig. 12). 


Option 2 — OPEN DRAIN; quasi-bidirectional !/O with only an N-channel open drain output. 
Application as an output requires connection of an external pull-up resistor (Fig. 13). 


Option 3 — PUSH-PULL OUTPUT; drive capability of the output will be 1,6 mA (min.) at 
Vpp = 8 V in both polarities. To avoid a large current flowing through the 
output transistors during the input mode, these push-pull pins must only be used as 
outputs (Fig. 14). 


WRITE PULSE , ——— Von 


DATA BUS 


1/0 PORT 
LINE 


MOV/ORL/ANL. 


7Z87792.2 
MOV/IN 


Fig. 12 Standard output with switched pull-up current source. 
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WRITE PULSE 


DATA BUS 


1/0 PORT 
LINE 


MOV/ORL/ANL 


7Z287793.2 


MOV/IN 


Fig. 13 Open drain output. 


TR2 
pe 


constant 100 nA 
current (typ.) 


WRITE PULSE. 
Rect ce 7 OUTPUT 
| TRI as 


3 OAT Bus — D G6 | D sa 
. ae | >< 1D MQ iD soa 
“has 


7287794.2 


MOV/ORL/ANL 


Fig. 14 Push-pull output. 
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Serial 1/0 (SIO) 


The PCF84CXX has an on-chip serial 1/O interface that supports |* C-bus communication. Whereas 

a normal microcontroller must regularly monitor the serial data bus for the presence of data, the serial 
|/O interface detects, receives and converts the serial data stream into parallel format without inter- 
rupting the execution of the current program. An interrupt is sent to the PCF84CXX only when a 
complete byte is received. It then reads the data byte in one instruction. 


The design of the PCF84CX~x< serial I/O system allows any number of devices from PCF8500 family 
(clips) to be connected via the two-line serial bus. The ability of any devices to communicate, without 
interrupting the operation of any other devices on the bus, is an outstanding attribute of the system. 
This is achieved by allocating a specific 7-bit address to each device and providing a system whereby a 
device reacts only to a message prefixed with its own address or the ‘general CALL’ address. 

Address recognition is performed by the interface hardware so that operation of the microcontroller 
need only be interrupted when a valid address has been received. This saves significant processing time 
and memory space compared with a conventional microcontroller employing a software serial interface. 
When the addressing facility is not required, for instance in a system with only two microcontrollers, 
direct data transfer without addressing can be performed. In multi-master systems, an automatically 
invoked arbitration procedure prevents two or more devices from continuing simultaneous transmission. 


In NORMAL (running) and |DLE mode, the serial !/O logic remains active; its internal system clock 
will be switched off when there is no activity on the serial bus. 


After execution of the STOP instruction, the oscillator of the PCF84CXX is switched off. This means 
that the serial |/O logic will remain in the state it was at the occurance of the STOP instruction. To 
avoid “‘bus block” problems and to assure correct start-up of the bus after exit from the STOP mode, 
the user should disable the serial logic (ESO = QO) prior to the execution of the STOP instruction. This 
must be carried out only when the PCF84CXX has finished a serial data transfer. 


Serial 1/O interface 


Figure 15 shows the serial !/O interface. The clock line of the serial bus has exclusive use of pin 3 
(SCLK) while the data line shares pin 2 (serial data) with the 1/O line P23 of port 2. When the serial 
1/O is enabled, P23 is disabled as a parallel port line; (P23 and SCLK only open drain). 


The microcontroller and interface communicate via the internal microcontroller bus and the Serial 
Interrupt Request line. Data and information controlling the operation of the interface are stored in 
four registers: 


e@ Data shift register (SO) 

®@ Serial |/O interface status word (S1) 
® Serial clock control word (S2) 

@ Address register 
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Data shift register (SO). 


Register SO converts serial data to parallel format and vice versa. A pending interrupt is generated only 
after a complete byte has been transmitted, or after a complete data byte, specific address or ‘general 
CALL.’ address has been received. The most significant bit is transmitted first. 


Serial |/O interface status word (S1) 


Register S1 provides information concerning the state of the interface and stores information from the 
microcontroller. Bits 0 to 3 are duplicated: control bits in these positions can only be written by the 
‘microcontroller, while interface bits can only be read. 


MST and TRX (see Table 1) 
These bits determine the operating mode of the serial |/O interface. 


Table 1 Operating modes of the serial I/O interface 


operating mode 


slave receiver 
master receiver 
slave transmitter 
master transmitter 


BB: Bus Busy. 
This is the flag which indicates the status of the bus. 
PIN: Pending Interrupt Not 


PIN = ‘0’ indicates the presence of a pending interrupt, which will cause a Serial Interrupt Request 
when the serial interrupt mechanism is enabled. 


ESO: Enable Serial output 


The ESO flag enables/disables the serial |/O interface: ESO = ‘1’ enables, ESO = ‘0’ disables. ESO can 
only be written by software. 
BCO, BC1 and BC2 


Bits BCO, BC1 and BC2 indicate the number of bits received or transmitted ina Gat stream. These 
bits can only be written by software. 


AL: Arbitration Lost 


The arbitration lost flag is set by hardware when the serial |/O interface, as master transmitter, loses a 
bus arbitration procedure. | 


AAS: Addressed As Slave 


This flag is set by hardware when the interface detects either its own specific address or the ‘general 
CALL’ address as the first byte of a transfer and the interface has been programmed to operate in the 
address recognition mode. 


ADO: Address Zero 


This flag is set by hardware after detection of the ‘general CALL’ address when the interface is operating 
in the address recognition mode. 


LRB: Last Received Bit 


This contains either the last data bit received or, for a transmitting device in the acknowledgement 
mode, the acknowledgement signal from the receiving device. 


Bits AL, AAS, ADO and LRB can only be read by software. 
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Serial clock control word (S2) 


Bits O to 4 of the clock control register S2 are used to set the frequency of the serial clock signal. When 
a 6 MHz crystal is used, the frequency of the serial clock can be varied between 154 kHz and 1 kHz 
(see Table 2). An asymmetrical clock with a HIGH-to-LOW ratio of 3 : 1 can be generated using bit 5. 
The asymmetrical clock allows a microcontroller more time per clock period for sampling the data line, 
making the timing of this action less critical. Bit 6 can be used to activate the acknowledge mode of 
the serial I/O. S2 is a write only register. 


Address register 


The address register contains the 7-bit address back-up latches and the bit (ALS) used to enable/disable 
the address recognition mode. The address register can be written using the MOV SO, A and MOV SO, 
# data instructions, but only when ESO = ‘0’. 


Serial |/O interrupt logic 


An EN SI instruction enables and a DIS SI instruction disables the interrupt logic. When the logic is 
enabled, a pending interrupt results in a serial |/O interrupt to the processor, causing a CALL to 
location 5 in the ROM. When disabled, the presence of an interrupt is still indicated by PIN in $1, 
allowing the interrupt to be serviced. However, vectored interrupt will not occur. 
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Table 2 S!O clock pulse frequency control when using a 6 MHz and a 10 MHz crystal 


hexadecimal divi fx TAL 6 MHz) fx TAL (10 MHz) 
$20-S24 code ISOT | fseiK (kHz) 4 =| fgceK (kHz) 4 


not allowed 


TMMOUONOWDPOMDVYNAUMGAWNH=O0 


* Not permitted for |?C operation. 


_& The maximum clock frequency in the |*C systems is 100 kHz. 
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bit 7 ADDRESS REGISTER bit O / 
ADDRESS BACK - UP LATCHES ALS }¢—— WR SO’ INT REQ 
PCF 84CXX 
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INTERRUP 
S10 RUPT 
INTERRUPT LOGIC 

ESO LOGIC EN SI 
| ADDRESS COMPARATOR DIS Si 


DIG. FILTER 
DATA 


DATA 
CONTROL 


© 
SERIAL 
DATA 1/0 
or 1/0 P23 


of port 2 DATA IN 
(pin 2) 


INTERNAL MICROCOMPUTER BUS 


INITIALIZE 
(pin 17) 
o—————» RESET 


CLOCK CONTROL REGISTER 


CLOCK STATUS REGISTER 
SYNC 
: DIG. FILTER racic 
SCLK CLOCK : 
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SERIAL CLOCK PULSE GENERATOR 


Fig. 15 Serial !/O interface. 
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FUNCTIONAL DESCRIPTION (continued) 
Interrupts (see Fig. 16) 


When the external interrupt is enabled, a HIGH-to-LOW transition on the INT/TO input initiates an 
external interrupt subroutine which causes a CALL to program memory location 3 following 
completion of the current instruction. 

The interrupt must remain enabled until the interrupt instruction is completed, otherwise the next 
instruction of the main program will be executed. Serial |/O interrupt, when enabled, causes a CALL 
to location 5, and a timer/event counter overflow forces a CALL to location 7 when the timer 
interrupt is enabled. 


When an interrupt subroutine starts, the contents of the program counter and bits 4, 6 and 7 of the 
PSW have been saved in the program counter stack. Accumulator contents have to be saved by 
software. Interrupt acknowledgement can be carried out by software via port pins. All interrupt 
subroutines must reside in memory bank 0. 

Since the interrupt system is single level, once an interrupt is detected, all further interrupt requests 
are latched, but ignored, pending a RETR instruction to re-enable the interrupt input logic. After 
executing RETR, the program continues in the main part; this is independent of the occurance of a 
second interrupt during the running of the first routine. If 2 or 3 interrupts occur simultaneously, 
their priority is: 

@ (1) external 

@ (2) serial !/O 

@ (3) timer/event counter 

An external interrupt can be generated by using the timer/counter in the event counter mode. The 
counter is first preset to (FFH), then EN TCNTI instruction is executed. A LOW-to-HIGH transition 
of the T1 input will then initiate an interrupt subroutine and cause a CALL to location 7. 

On execution of a DIS | instruction, the PCF84CXX always clears the digital filter/latch and the 
External Interrupt Flag. 


The Timer Flag (TF) is reset only when the JTF or JNTF instruction is executed or after RESET. 
The Timer Interrupt Flag is set when timer overflow occurs, only if the timer interrupt is enabled. 
The microcontroller will exit the [IDLE mode when any one of the following three interrupts is enabled: 


@ External 

@ Serial 1/O 

@ Timer/event counter 

There is no internal pull-up or pull-down device connected to the external interrupt input (pin 12). 
If required pin 12 must be externally connected to a resistor (R < 100 kQ2). When the external 
interrupt is not used pin 12 must be connected to Vpp. 


Improvements to interrupt and timer logic with respect to the MAB8400 family 


For detailed information see the PCF84CXX section in the user manual ‘‘Single-chip 8-bit microcon- 
trollers”’. 3 | 
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PROGR. | 
FLAG ... 
RETR > R St 
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FLAG _ 


DIS SI 
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OVERFLOW 
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RESET — 


TIMER INT. 
ACKNOWLEDGED _ - 


EN 
TCNT | 


DIS 
TCNT | 
RESET - 
Notes to figure 16 
1. INT/TO negative edge is always latched in the digital filter/latch. | 
2. Correct interrupt timing is ensured when INT/TO is HIGH for > 4 CP followed by a LOW for > 7 CP. 
3. When the interrupt in progress flag is set, further external and timer interrupts are latched but ignored, 
until RETR is executed. 
4. A DIS | instruction always clears a pending external interrupt. 


5. For all flip-flops, RESET overrules SET. 
6. EXDI is an input of PCF8400T, in derivative versions it is connected internally to a logic ‘1’. 


Fig. 16 Interrupt logic. 


7Z20151 
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Oscillator (see Fig. 17) 


The oscillator can be inhibited by the STOP instruction under software soREDE It is also inhibited 
when a low-supply voltage condition is present to prevent discharge of a weak back-up battery. 
Provided the supply voltage is within the operating range the oscillator will be restarted after a STOP 
instruction by a LOW level at the INT/TO pin or a HIGH level at the RESET pin. 


PCF 84CXX 
inhibit 


C1 
na | L1 
Co 
i : 
symbol 
(I XTAL2 a od 7279510 
7297330.1 
Fig. 17 Oscillator with integrated elements. Fig. 18 Crystal unit equivalent circuit. 


The values of crystal series resistance R1 and the crystal’s total load capacitance CL (Co + wiring + 
external capacitors) must not be above the curve (Fig. 19) for the corresponding frequency. 

Note; if external capacitors are connected to XTAL 1 and XTAL. they must be of equal value. 
7220152 


Fig. 19 Crystal circuit criteria. 


The oscillator has the output drive capability via pin 16 (XTAL2). An external clock can be applied 
to pin 15 (XTAL1 ) A machine cycle consists of 10 time slots, each time slot being 3 oscillator periods. 


Timer/event counter (see Fig. 20) 


An internal 8-bit up-counter is provided. This can count external events, modulo-32 machine cycles, or 
machine cycles directly. Table 3 gives the instructions that control the counter and the prescaler, and 
the functions performed. | 


When used as atimer, the input to the counter is either the overflow or input of a 5-bit prescaler. When 
used as an event counter, LOW-to-HIGH transitions on pin 13 (T1) are counted. The maximum rate at 
which the counter may be incremented is once every machine cycle. When the counter overflows, the 
timer flag is set. The flag can be tested and reset using the JTF (jump is timer flag = 1) or JNTF 
instruction. Overflow also generates an interrupt to the processor via setting of the Timer Interrupt 
Flag when the timer/event counter interrupt is enabled. 
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Table 3 Timer/event counter control 


timer mode 
function modulo-1, modulo-32* counter mode 


CLEAR MOV T,A (A) =0 MOV T,A (A) = 
or RESET or RESET 
PRESET MOV T,A MOV T,A 
START STRT T STRT CNT 
STOP STOP TCNT STOP TCNT 
or RESET or RESET 
TEST JTF/JNTF JTF/JNTF 


READ** MOV A,T MOV A,T 


PRESCALER 
+32 


XTAL +30 
(internal clock 
frequency ) 


cleared on 
start timer 


PS = 1 


jump if 
timer flag 
load or read =| 


J 


A O 
| 8-BIT 
EDGE 
DETECTOR| B~ MEE 
EVENT 
c COUNTER 


cleared 
on reset 


A= START TIMER 
' B= START COUNTER 
C = STOP TIMER/COUNTER 7289148 


Program status word (see Fig. 21) 


The program status word (PSW) is an 8-bit word (1 byte) in the CPU which stores information about , 


the current status of the microcontroller. 
The PSW bits are: 


FAMILY 


Fig. 20 Timer/event counter. 


® BitsO to 2 stack pointer bits (SPg, SP7, SP2) 
@ Bit3 prescaler select (PS); 
0 = modulo-32; 1 = modulo-1 (no prescaling) 
@ Bit 4 - working register bank select (RBS); 
O = register bank 0; 1 = register bank 1 
® Bit 5 not used (1) 
® Bité 
decimal adjust instruction DA A 
@ Bit 7 carry (CY); the carry flag indicates that previous operation has resulted in an_ 
overflow of the accumulator. 
saved in saved in ; 
the stack the stack stack pointer 
an ne 
[er [oe [+ fs] |r|] 
7 6 5 4 3 2 1 0 
MSB LSB 


7289149 


Fig. 21 Program status word. 


* With prescaler select, PS = 0, the timer counts modulo-32 machine cycles, with PS = 1 it counts 
modulo-1 cycles (prescaler not used); prescaler cleared with STRT T, prescaler not readable. 
** READ does not disturb the counting process. 
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FUNCTIONAL DESCRIPTION (continued) 
Program status word (continued) 


All bits can be read using the MOV A, PSW instruction. Bits 7 and 6 are set and cleared by CPU 
operation. Bit 4 can be changed by a SEL RB instruction, bit 3 by the MOV PSW, A instruction, and 

bits 0, 1 and 2 by the CALL, RET or RETR instructions and in the event of an interrupt. Bits 7, 6 and 

4 are stored in the program counter stack during subroutine and interrupt calls. These bits are restored 

in the PSW with a RETR (return and restore) instruction which must be used at the end of an interrupt and 
can be used at the end of a normal subroutine. The RET instruction has no restore feature and cannot 

be used at the end of an interrupt. 


Program counter (see Fig. 22) 


The 13-bit program counter is able to address 8 K bytes of ROM. The arrangement of the bits is shown 
in figure 22. During an interrupt subroutine PC44 and PC79 are forced to logic 0. All 13 bits are saved 
in the stack during CALL and interrupt routines. 


reo 


pi cin, 


ofr slr el ras 
| eee 


Conventional Program Counter 


® counts OOOH to 7FFH 
e overflows 7FFH to 000H 


JMP or CALL instructions transfer the 
contents of internal flipflop MBFFQ to PC14 
and MBFF 1 to PC492 


(MBFFO) < 0 by SEL MBO or RESET 
(MBFF1) <- 0 


(MBFFO) < 1 by SEL MB1 
(MBFF1) < 0 


(MBFFO) < O by SEL MB2 
{(MBFF1) < 1 


(MBFFO) < 1 by SELMB3 
7289150 (MBFF1) < 1 


Fig. 22 Program counter. 


Central processing unit 


The PCF84CXX has arithmetic, logical and branching capabilities. The DAA, SWAP A and XCHD 
instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction 
permits efficient table look-up from the current ROM page. 


Conditional branch logic 


The conditional branch logic within the processor enables several conditions, internal and external to 
the processor, to be tested by the user’s program. Table 4 lists the conditional jump instructions used 
to change the program sequence. The DJNZ instruction decrements a designated register or data 
memory location and branches if the contents are not zero. This instruction is useful for looping 
control. The JMPP@A instruction allows multiway branches to destinations determined by the contents 
of the accumulator. 


November 1986 


PCF84CXX 
FAMILY 


Single-chip 8-bit microcontroller 


Table 4 Conditional branches 


jump condition jump instruction 


accumulator all bits zero JZ 
any bit non-zero JNZ 
accumulator bit test JBO to JB7 
carry flag JC 
JNC 


timer overflow flag JTF 
JNTF 

test input TO JTO 
JNTO 


test input T1 JT1 
JNT1 
register DJNZ 


Test input T1 (pin 13) 
The T1 input line can be used as: 


@ A test input for branch instructions JT1 and JNT1 
@ An external input to the event counter 


When used as a test input: 


@ JT1 instruction tests for logic 1 level 
@ JNT1 instruction tests for logic O level 


When used as an input to the event counter, T1 must be LOW for > 4 CP, followed by a HIGH for 
>4 CP. The transition can be recognized with a repetition rate of once per 30 oscillator clock periods 
(1 machine cycle). 


DEVELOPMENT DATA 


There is no internal pull-up or pull-down resistor connected to the T1 input. If required it must be 
externally connected to a resistor (R = < 100 k{2). When T1 is not used pin 13 must be connected to 


Vpp or Vss. 


Reset (pin 17) 
A positive-going signal on the RESET input 


@ Sets the program counter to zero 

@ Selects location 0 of memory bank O and register bank O 

@ Sets the stack pointer to zero (000); pointing to RAM address 8 

@ Disables the interrupts (external, timer and serial |/O) 

@ Stops the timer/event counter, then sets it to zero 

® Sets the timer prescaler to modulo-32 

@ Resets the timer flag 

® Sets all ports to input mode 

@ Sets the serial |/O to slave receiver mode and disables the serial |/O 
® Cancels [DLE and STOP mode 
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Power-on-reset 


The internal power-on reset circuit monitors the PCF84CXX supply voltage Vpp. For as long as 
the supply voltage remains below the internal reference level Vref (typically 1,5 V) the oscillator is 
inhibited and RESET (pin 17) has an undefined level. When Vpp rises above the internal reference 
level, the oscillator is released and RESET is pulled high to Vpp by TR1 for a period tp (typically 
50 us). 


N.B. Because of the narrow bandwidth of the crystal, the start-up time of the oscillator is typically 
10 ms. 


Three modes of power-on reset are possible: 


1. If Vpp can be switched with a fast rise time i.e. VDp reaches its minimum operating value (correspon- 
ding to the selected oscillator frequency) before the RESET signal (tp) has finished, then no extra 
components are required (see Fig. 23 and 24). Note that the first instruction is executed after the 
oscillator start-up time plus 1866 clock periods have elapsed. 


2. If Vpp has a slow rise time then the RESET signal should be stretched by an external RC circuit 
(see Fig. 25 and 26).In the event of a short drop in the supply voltage, the diode path rapidly 
discharges the capacitor to ensure a reliable power-on reset. To ensure a correct reset, the RESET 
signal should reach at least 70% of the final value of Vpp. Given that the RESET voltage and 
VDD rise exponententially, the above requirement is satisfied when the time constant 7 of the 
RESET pulse is >8 times the time constant of Vpp. If Vpp rises linearly, then a RESET time constant 
> 2 times the rise time of Vpp is required. 


When a reset is completed (RESET goes LOW) before the oscillator has started up, program 
execution begins after the oscillator start-up time plus 1866 clock periods have elapsed (see Fig. 26). 
lf the oscillator is started-up prior to the completion of RESET, then program execution begins 
1866 clock periods after RESET goes LOW. 


3. Figure 27 shows an external reset to the PCF84CXX during power-on. The external reset 
signal must remain HIGH until Vpp has reached its minimum operating value corresponding 
to the selected oscillator frequency. When a reset is completed (RESET goes LOW) before the 
oscillator has started up, program execution begins after the oscillator start-up time plus 1866 
clock periods have elapsed (see Fig. 28). If the oscillator is started-up prior to the completion of 
RESET, then program execution begins 1866 clock periods after RESET goes LOW. 
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Fig. 23 Power-on-reset configuration. 
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Fig. 24 Timing of power-on-reset with fast rise time. 
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28 ue 
oscillator 
inhibit 
TR1 Creset 
POWER “LE p . 
V 
ref —> ON 
RESET JL 47] | RESET 
supply 
TR2 voltage 
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Fig. 25 Stretched power-on-reset with external components. 
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Fig. 26 Timing of power-on-reset with a slowly rising VDD and a stretched RESET pulse. 
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Fig. 27 External power-on-reset configuration. 
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Fig. 28 Timing of external power-on-reset. 
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INSTRUCTION SET 


The PCF84CXX instruction set consists of over 80 one and two byte instructions and is identical to 
the MAB8400 instruction set. New instructions are added for STOP and IDLE mode. Program code 
efficiency is high because all RAM locations and all ROM locations on a 256 byte page require only 
a single byte address. 


Table 7 gives the instruction set of the PCF84CXX. Table 6 shows the instruction map and Table 5 
details the symbols and definition descriptions that are used. 


Table 5 Symbols and definitions used in Table 7 | 


symbol definition description 


accumulator 

program memory address 

bit designation (b = 0-7) 

register bank select 

carry bit (bit CY) 

event counter 

mnemonic derivative register (x = 0... 255) 
8-bit number or expression 
interrupt 

memory bank 

memory bank flip-flop 
mnemonic for ‘in-page’ operation 
program counter 

port designation (p = O, 1 or 2) 
program status word 

register bank 

register designation (r = 0- 7) 
serial 1/O register 

stack pointer 

timer 

timer flag 

test O and 1 inputs 

immediate data prefix 

indirect address prefix 

contents of X 

contents of location addressed by X 
is replaced by 

is exchanged with 
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ie 
Oo 
< 
@ 
= 
ao 
@o 
= 
_ 
c 
0 
oO 


ESp 


DEVELOPMENT DATA 


Table 6 PCF84CXX instruction map 
aa ee ee ee 


first hexadecimal character of opcode 


second hexadecimal character of opcode 


P O Ff 4 FF 2 F B § 4 4 5S 4 B&B FF FF 4 8B 4F F FF A FH Bo FY GC F D | E 4 F 4 
| SSS S Pee et Sete SS SS SST SSS SHSM SS SPSS SPSS SSS SPH SS SS SPS OTS SS SS SS SSS SS SS SSS SSS SSSR SSS SSS SRS RS SS SSS SSS SSS SS SSSA S SSS SSS SHH s SSeS SsSssssssSesssee | 
1 O01 NOP | IDLE | 1 ADD { JMP {f EN I! JNTF | DEC AI IN AsPp 1 MOV AsSn | | 
1 4 l \As#datal page 01 | addr | 1 O tf 4 § 2 | » oO Ff 4 4 
| --------------------- +--+ 5-5 en nn nn nn en nnn nn nn nnn rn nnn nnn nn nnn nnn nnn nnn nnn nnn nn nnn nnn nn nnn nnn nn nnn nn nen nee | 
1 4 1 INC @Rr 1 JBO 1% ADDC | CALL 1 DIS I! JTF | INC Al INC Rr ] 
' oF O t 4 | addr 1As#datal page 0! | addr | Ip Oe Py a Se a es oe 
| --------------- =~ ~~ -- 5 + 5 on ne nn nn nnn nnn nn nn nn nn nn nn nn nnn nn nn nn nn nn nn nn nnn nn nnn nnn nn nnn nn nn nnn nn nnn nnn ne 
} 2.1 XCH As@Rr ! STOP | MOV | JMP | EN Tf JNTO 1 CLR AJ XCH AsRr 

troroooro4 4 lAs#datal page 1! TCNTI | addr | ie: ea ee a ee i ee s- ee 
| ----------------------------- -- +--+ - $5 5-5 nn ne nn nn nn nn nn nn nn nnn nn nn nn nn nnn nnn nn nnn nnn nnn rn nnn nn nn nn nnn nnn nnn nnn nn nn-- | 
1 3.1 XCHD AsaRr 1 JB4 1 1 CALL | DIS 1 JTO 1 CPL Al OUTL PpsA 1 MOV SnsA ] 
Po oF O F 4 4 addr | | page 1! TCNTI | addr | ee: ne ne: mh ne oe bf 8  f @ f 2S I | 
| --------~--~-------~------------------+--------+----------- +--+ -- +--+ ne nn enn een nn ee $5 $5 = 5 = == +--+ | 
1 4 1 ORL As@Rr 1 MOV | ORL | JMP | STRT | JNT1 1 SWAP | ORL AsRr 
1 oF OO F 4 1 AsT JAs#datal page Z1 CNT | addr |} A t| OF F 4 YF 2 | 3B 4 & F 5S 4 8&6 FO 7 4 
| ---------------------- === --- 5 = +5 on nn nn nnn nnn nnn nnn nn nnn nn nnn nnn nnn nn nnn nn nn nnn nnn nnn nn enn nn nn nn nn nnn nnn nnn ne 
1 5 1 ANL AsaRr } JBZ 1 ANL | CALL 1 STRT 1 JT1 | DA AJ ANL AsRr 
b of O +t 4 | addr lAs#datal page 21 T | addr | ae ar ne ee an a ns ee ey ca a ac, Set ae ee | 
| ------------------------------- = ---- 5-5 5-5-5 5 nnn 5 nnn nn nn nn nn nnn nn nn on nn nn nn nn nen nnn nn nn nn en een ee ee 
1 6 | ADD AsaRr 1 MOV 4 1 JMP | STOP } 1 RRC A | ADD AsRr | 
Po oF O F 4 F TrA ] | page 31 TCNT | a b oO FF 4 F 2 § 3B 4 4&4 F 5S 1 & FF 1 
| --------------------~------------------ +--+ --- +--+ 5 5 ee 55 5 5 5 5 5 ee eo eo ee nn e+ ee - - $e eee +--+ | 
| 7 1 ADDC AsaRr 1 JB3 1 1 CALL I | RRA | ADDC AsRr ] 
bof O ft 4 J addr | | page 31 | aes °c: aes Ga CO a cc SC OS So CR a 
| owen ne nn nn en on nn on ee + nn ne nn nnn nn nn nnn nn nn nnn eee ene 
1B) | RET | JMP | EN J | ORL Pps#data | IMOV A,DxMOV Dx,AIANL Dx,AIOR L Dx,Al 
1 4 | page 41 SI | ] NM. a0 4¢ ~ at  ze w | ] ] 
| ----------------------------------------+------------------ +--+ +--+ -- +--+ 5-5 + on eo eo oe ee oe ee ee +--+ ] 
194 1 JB4 1 RETR 1 CALL | DIS | JNZ 1 CLR C1. ANL Pps@data | MOV Sns#data l 
1 4 | addr } | page 41 SI | addr | rr oO Ff 4 F 2 4 1 a a ] 
| --------~------------~--------------------- + ~~ ---- +--+ +--+ + + + + 5-5 eo ee ee eee ee + 
1 A | MOV @RrsA 1 MOVP | JMP 1 SEL | 1} CPL C 1 MOV RrsA | 
Po ot oO F 4 4 | As@A 1 page 51 MBZ I ee ee ee es a Sc er i 
| ------------------------------------------------------+--+ +--+ +--+ - +--+ -- +--+ - ++ +--+ - +--+ +--+ +--+ = +--+ + +5 = = +--+ | 
| B ! MOV @Rro#data | JBS 1 JMPP | CALL 1 SEL | | MOV Rrs#data 
» oF O ft 4 | addr 1 @A | page 51 MBS I ee es ee Ce a ) ( ~  C, 
: | 

| 

BO Oo” a. Sa | page 61 RBO 1}! addr i AsPSWi O +} 4 JF 2 F| 3 F & F S 4 86 F§ 7 4 
| -----------------~--~----~------------ = + 5-5 on ee nn nn nn nn nn nnn ne nnn en nn en enn nn nn nen nn nen ee en ee eee == l 
1 D1 XRL AsaRr 1} JB6 | XRL | CALL | SEL | 1 MOV | XRL AsRr 
1 oF O F 4 | addr 1As#datal page 61 RB1 | 1 PSWAt OO fF 4 tt 2 § 3B §| 4 F 5S F & 4 7 1 
| ------------------------ +--+ - = 5 on nn nnn nn nn enn nn nn nn nn nnn nn nn nn nn ne enn nee en ee ee 5 === 
1 E | DJNZ @Rrsaddr | | JMP | SEL | JNC fF RL AJL DJNZ Reo addr | 
ae ee: ee ee | page 7! MBO | addr | 1 O F 4 F 2 § 3B 4 4 F 5S F 86 Fo 7 4 
| ------------------- -- - = - + 25 5 ee nn nn en nn nn nn nt nnn nn nnn nn nn nn ne nnn nnn nn nn nn nn nnn nnn nnn nn nnn nn nnn nnn nnn nn nnn nnn ene | 
1 F | MOV AsaRr 1 JB7 1 |} CALL | SEL 1 JC 1 RLC At MOV AsRr 
boot 8 f 4 F addr 1 | page 71 MBi | addr | MO ae ee ie ee 
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| INSTRUCTION SET (continued) 
| Table 7 Instruction set 


AWV4 
XX9r840d 


2 
oO 
S mnemonic bytes/ | description function | 7 | 
oy : 
® 
g ADD A, Rr | 6* | | Add register contents to A (A)<(A) + (Rr) r=0O-7 | 1 
ADDA,@Rr | 60 11/1 | Add RAM data, addressed by Rr, to A | (A)<(A) + ((RO)) 1 
| | 61 | | ee (A) + ((R1)) | 
[ADD A, #data |O3data | 2/2_—‘| Add immediate data to A | (A)<(A) + data 1 
| ADDC A, Rr | 7* 1/1 Add carry and register contents to A | (A)<(A) + (Rr) + (C) r=O-—7 | 1 
ADDC A, @Rr | 70 1/1 | Add carry and RAM data, addressed | (A}<(A) + ((RO)) + (C) 1 
71 | by Rr, to A | (A)<(A) + ((R1)) + (C) | 
| ADDC A, #data | 13 data | 2/2 | Add carry and immediate data to A | (A)<(A) + data + (C) 1 
LANL A, Rr 5* | 1/1 |AND! Rr with A |(A)<(A) AND (Rr) r= 0-7 
ao | ANL A, @Rr 50 1/1 ‘AND’ RAM data, addressed by Rr, with A | (A)<(A) AND ((RO)) 
© 51 (A)<(A) AND ((R1)) 
= ANL A, #data 53 data 2/2 ‘AND’ immediate data with A (A)<(A) AND data | 
= | ORLA, Rr 4 }1/1 | ‘OR’ Rr with A | (A)<(A) OR (Rr) r=0-7 
3 |ORLA,@Rr | 40 |1/1 | ‘OR’ RAM data, addressed by Rr, with A | (A)(A) OR ((RO)) 
: 41 : | (A)<(A) OR ((R1)) 
ORL A, #data 43 data | 2/2 ‘OR’ immediate data with A (A)<(A) OR data 
XRL A, Rr D* | 1/1 ‘XOR’ Rr with A (A)<(A) XOR (Rr) r= 0-7 
| XRL A, @Rr {DO | 1/1 ‘*XOR’ RAM, addressed by Rr, with A (A)<(A) XOR ((RO)) 
| |D1 | (A)<(A) XOR ((R1)) 
| XRL A, #data | D3 data 2/2 *XOR’ immediate data with A | (A)<(A) XOR data 
| 17 1/1 increment A by 1 (A)<(A) +1 
| 1/1 decrement A by 1 AINAT 4 
clear A to zero I (A)<0 
one’s complement A (A)<NOT{A) 
rotate A left (An + 1)<(An) n=0-6 


(Ag)<(A7) 


Q86l1 JaqusAoN 


GSP 


ACCUMULATOR (cont.) 


op) 
LL 
> 
O 
= 
< 
a 
< 
Q 


MOV A, Rr 
MOV A, @Rr 


MOV A, #data 
MOV Rr, A 
MOV @Rr, A 


MOV Rr, #data 
MOV @Rr, #data 


XCH A, Rr 
XCH A, @Rr 


XCHD A, @Rr 


MOV A, PSW 
MOV PSW, A 
MOVP A, @A 


F* 
FO 
F 1 
23 data 
A* 
AO 
Al 
B* data 


BO data 
B1 data 


DEVELOPMENT DATA 


rotate A left through carry 
rotate A right 
rotate A right through carry 


decimal adjust A 
swap nibbles of A 


move register contents to A 
move RAM data, addressed by Rr, to A 


move immediate data to A 
move accumulator contents to register 


move accumulator contents to RAM 
location addressed by Rr 


move immediate data to Rr 


move immediate data to RAM location 
addressed by Rr 


exchange accumulator contents with Rr 


exchange accumulator contents with 
RAM data addressed by Rr 


exchange lower nibbles of A and RAM 
data addressed by Rr 


move PSW contents to accumulator 
move accumulator bit 3 to PSW3 
move indirectly addressed data in 
current page toA . 

clear carry bit 


complement carry bit 


(An + 1)An 
(Ag)<(C), (C)<—(A7) 
(An)<(An + 1) 
(A7)<—(Ao) 


(An) (An + 1) 
(A7)<(C), (C)<(Ag) 


(Aqg_7)(Ag_3) 
(A)<(Rr) 


(A)<((RO)) 
(A)<—((R1)) 


(A)<data 
(Rr)<(A) 


((RO))<(A) 
((R1))<(A) 


(Rr)<-data 


((RO))<data 
((R1))<-data 


(A)<>(Rr) 


(A)<((RO)) 
(A)<((R1)) 
(Ap__3)<((RO9_3)) 
(Ap_3)@((R19_3)) 
(A)<(PSW) 
(PSW3)<(A3) 


(PCo_7)<(A), (A)<—((PC)) 


(C)<0 
(C)NOT(C) 
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INSTRUCTION SET (continued) 


mnemonic opcode heel description function : notes 
(hex.) heel ) 


REGISTER 


BRANCH 


| | 9861 Jaquiarsoy 9S7 


INC Rr 
INC @Rr 


DEC Rr 
DEC @Rr 


JMPP @A 
DJNZ Rr, addr 


| DJNZ @Rr, addr 


JBb addr 
JC addr 
JNC addr 


| JZ addr 


JNZ addr 


| JTO addr 
| JNTO addr 
-|JT1 addr 


JNT1 addr 


| JTF addr 


JNTF addr 


@ 4 address 


B3 
E* address 


EO 


E1 


4 2 address 
F6 address 
E6 address 
C6 address 
96 address 
36 address 
26 address 
56 address 
46 address 
16 address 
O6 address 


7 


increment register by 1 
increment RAM data, addressed by Rr, by 1 


decrement register by 1 | 
decrement RAM data, addressed by Rr, by 1 


unconditional jump within a 2 K bank 


indirect jump within a page 


decrement Rr by 1 and jump if not 
zero to addr 


decrement RAM data, addressed by Rr 
by 1 and jump if not zero to addr 


jump to addr if Acc. bit b = 1 
jump to addr if C = 1 

jump to addr if C =0 

jump to addr if A=0 

jump to addr if A is NOT zero 
jump to addr if TO = 1 

jump to addr if TO=0 

jump to addr if T1 = 1 

jump to addr if T1 =0 

jump to addr if Timer Flag = 1 
jump to addr if Timer Flag =0 


(Rr)<(Rr) + 1 


((RO))<-((RO)) + 1 
((R1)}<((R1)) + 1 


(Rr)<(Rr) —1 
((RO))<((RO)) —1 
((R1))<((R1)) —1 


(PCg_49)<-addrg_469 
(PCo_.7)<-addrp_7 
(PC44—12)<-MBFF 0-1 


(PCg_7)<((A)) 


(Rr)<(Rr) — 1 
if (Rr) not zero (PCg__7)<-addr 


((RO))<((RO)) —1 
if ((RO)) not zero (PCo_7)<addr 


((R1))<—({R1)) —1 
if ((R1)) not zero (PCo_7)<addr 


ifb=1 : (PCo_7)<addr 
if C=1 :(PCo_7)<addr | 
ifC =O : (PCo_7)<addr 
if A=0 : (PCo_7)<addr 
if A#O : (PCo_7)<addr | 
if TO = 1: (PCo_7)<addr 
if TO = 0: (PCo_7)<addr 
if T1 = 1: (PCo_7)<addr 
if T1 =0: (PCg_7)<addr 
if TF = 1: (PCo_7)<addr 
if TF = 0: (PCo_7)<-addr 


r= 0—7 


b 


=0-7 


5 
“Tl. 
Sg 
oh 
we: 
< 


a 
‘e) 
< 
1°) 
3 
oO 
© 
= 
—_ 
ice) 
© 
Oo 


LGV 


TIMER/EVENT COUNTER 


=! 
O 
oc 
aa 
2 
O 
O 


SUBROUTINE 


MOV A, T 


MOV T,A 


STRT CNT 
STRT T 
STOP TCNT 
EN TCNTI 
DIS TCNTI 


CALL addr 


4 4 address 


DEVELOPMENT DATA 


move timer/event counter contents to 


accumulator 


move accumulator contents to 
timer/event counter 


start event counter 
start timer 


stop timer/event counter 


enable timer/event counter interrupt 


disable timer/event counter interrupt 


enable external interrupt 
disable external interrupt. 
select register bank O © 

select register bank 1 

select program memory bank 0 
select program memory bank 1 
select program memory bank 2 
select program memory bank 3 
enter STOP mode 

enter IDLE mode 


jump to subroutine 


return from subroutine 


return from interrupt and restore 


bits 4, 6, 7 of PSW 


(A)<(T) 


(T)<(A) 


(RBS)<O 
(RBS)<1 
(MBFFO)<0, (MBFF1)<0 
(MBFFO)<1, (MBFF1)<0 
(MBFFO)<0, (MBFF1)<1 
(MBFFO)<1, (MBFF1)<1 


((SP))<(PC), (PSW4 6 7) 
(SP)<(SP) + 1 
(PCg_49)<-addrg__19 
(PCo_7)<-addr9g_—7 
(PC44_12)<-MBFF O-1 
(SP) <(SP) —1 
(PC)<((SP)) 


(SP) <-(SP) —1 
(PSW4 6, 7) + (PC)<((SP)) 
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INSTRUCTION SET (continued) O 
TIS? 
z mnemonic opcode bytes/ ‘description function notes > ju 
e | (hex.) cycles < — 
3 ~Q) 
oy IN A, Pp input port p data to accumulator (A)<(PO) <x 
s K = (A)<(P1) < 
Bg |e OA (A)+{P2) 
" = OUTL Pp,A 38 output accumulator data to port p (PO)<(A) 
_ 39 | (P1)<(A) 
= 3A (P2)<-(A) 
= | ANL Pp, #data 98 data AND port p data with immediate data (PO)<(PO) AND data 
iT 99 data (P1)<(P1) AND data 
= 9A data (P2)<(P2) AND data 
=< |ORLPp, #data | 88 data OR port p data with immediate data (PO)(PO) OR data 
< 89 data (P1)<(P1) OR data 
8A data (P2)<-(P2) OR data 
MOV A, Dx move derivative register contents to (A)<-(Dx) x = Oto 255 8 
a = accumulator 
>] MOV Dx, A move accumulator contents to derivative (Dx)<(A) x = 0 to 255 8 
a 3 register 
= = ANL Dx,A AND derivative register with accumulator | (Dx)<(Dx) AND (A) x = Oto 255 8 
S| ORL Dx, A OR derivative register with accumulator | (Dx)<(Dx) OR (A) x =0 to 255 8 


DEVELOPMENT DATA 


bytes/ | description 


————— 7) 
| | mnemonic function notes S 
; 4 | cycles 7 
| | o 
i | MOV A, S, Oc 1/2 move serial |/O register contents to (A)<(SO) = 
| > | OD | accumulator (A)<(S1) 9 fe 
ou. | =: 
a MOV S,,A 3C | 1/2 move accumulator contents to serial (SO)<{A) = 
o 3D | [/O register (S1)<(A) = 
i | 3E | (S2)<(A) 3 
a | MOV S,, #data | 9C data | 2/2 move immediate data to serial (SO)<data S 
az 9D data | {/O register (S$1)<data o 
| < | |9E data | (S2)<data | o 
| ia | EN S! | 14/1 enable serial !/O interrupt | 
Tp) 
| |DISSI 
| 


1/1 | disable serial [/O interrupt | 
1/1 | no operation | 
Notes to Table 8 


1. PSW CY, AC affected 5. PSW RBS affected 
| 2. PSW CY affected 6. PSW SPo, SP1, SP9 affected 
32 PSWPS affected 7. (A) = QOOOP23, P22, P21, P20. 
4 Execution of JTF and JNTF instructions resets the Timer Flag (TF). 8. Instructions for PCF84C00 only. 
*:89ABC,D,E.F 9. (S1) has a different meaning for read and write operation, see 
©:02468ACE serial I/O interface. 
&4:1,3,5,7,9,B,D,F 
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S) 
< 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) | 
Supply voltage (pin 28) Vpp 0,8 to +8 V 
All input voltages Vy —0,5 to Vpp +0,5 V 
D.C. current into any input or output +lj,+I1Q ~~ max. 10 mA 
Total power dissipation (see note) Prot max. 500 mW 
DIL-28 (SOT-177) | | Prot max. 1 W 
SO-28 (SOT-136A) Prot max. 0,6 W 
Storage temperature range T stg | — —65 to +150 °C 
Operating ambient temperature range Tamb © —40 to +85 9C 
Operating junction temperature Tj max. 125 OC 
HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see | 
‘Handling MOS devices’). oa 


Note 
Thermal resistance (junction to ambient) | 
for SOT-117D | Rth j-a max. 120 K/W 
for SOT-135A a Rth j-a max. 60 K/W 
for SOT-136A | Rthja .-—- max. 150 K/W 
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Single-chip 8-bit microcontroller 


D.C. CHARACTERISTICS 


VDD = 2,5 to 5,5 V; Vss = 0 V; Tamb = —40 to +85 OC; all voltages with respect to Vss; unless 
otherwise specified. 


Supply voltage 


operating (see Fig. 33) VDD 2,5 _ 5,5 V 
Supply current 
operating (see Fig. 34; not valid for PCF84C00) 
at Vpp =5 V; fx TAL = 10MHz IDD _ 1,6 3,2 mA 
at Vpp =5 V; fxTAL =  6MHz IDD — 1 2 mA 
at Vpp = 3 V; fx TAL = 3,58 MHz IDD — 0,3 0,6 mA 
IDLE mode (see Fig. 35; not valid for PCF84CO0) 
at Vpp =5 V; fxTAL = 10MHz IDb ~ 08 | 1,6 mA 
at Vpp =5 V; fxTAL = 6MHz IDD — 0,5 1 | mA 
at Vpp = 3 V; fx TAL = 3,58 MHz IDD -— 0,15 | 0,4 mA 
STOP mode (see Fig. 41 and note 1) 
at Vpp = 2,5 V; Tamb = 25 OC lpDp _- 1,2: 4255 LA 
< | 
>; Inputs | 
O 
1 Input voltage LOW VIL 0 — 0,3V V 
a Input voltage HIGH Vin 07Vpp| -— | Vop V 
5 Input leakage current 
7 at Vss < Vi <Vpp FLL — — 1 LA 
> | . 
ra Outputs 
Output voltage LOW 
at Vj} = Vss or Vpp; Ilo| <1 uA VOL — — 0,05 V 
Output sink current LOW 
at Vpp =5 V + 10%; Vo =O, 4 V 
except P23/SDA, SCLK (see Fig. 37) lOL 1,6 3 — mA 
and port 1 
P23/SDA, SCLK (see Fig. 38) lOL 3 2 a mA 
P10-P17 (not PCF84CO0) at Voy =1V IOL 10 - _ mA 
Pull-up output source current HIGH (see Fig. 39) 
at Vpp = 5 V +t 10%; V9 = 0,7Vpp —lIOH 40 — — BA 
at Vpp =5 V + 10%; VQ = Vss —IOH — — 400 MA 
Push-pull output source current HIGH | 
at Vpp = 5 V + 10%; Vo = Vpp—0,4 V —IoOH | 1,6 3 _ mA 
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A.C. CHARACTERISTICS 


Vpbp = 2,5 to 5,5 V; Vss = 0 V; Tamb = —40 to +85 OC. All voltages with respect to Vsc unless 
otherwise specified. | 


Control pulse width (note 1) 

Address to PSEN set-up (note 2) 

Data to PSEN set-up (note 3) 

Data hold time 

Address to data-in (note 4) 

Rise time all outputs (note 5) 

Fall time all outputs (note 5) 

Data out to DXWR set-up 

Data out to DXWR hold (note 6) 

Time from DXALE to PSEN (note 7) 
Data-in to DX RD LOW to HIGH set-up (note 8) 
Data hoid time after DKRD LOW to HIGH 
HIGH time of DXALE (note 9) 

LOW time of DXRD (note 10) 

LOW time of DXWR (note 11) 


Notes to characteristics 
1 CP = 1 clock pulse = 100 ns at fy TAL = 10 MHz; 1 time slot = 3 CP 


1. tee =9CP 7. tsLPpH §=1,5CP 
2. tas =1,5CP 8. tps1 = 2,5 CP 
3. tos =2CP+tcps1 9. toXALE =4,5 CP 
4. tap =8,5 CP -- tcps] 10. tpoxRD = 6CP 
5. CL =50pF 11. toxwR = 3CP 
6. tHDO=1CP 12. All values for the PCF84C00 are preliminary. 
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Single-chip 8-bit microcontroller PCF84CXX 
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| 


{+ cycle 1 SELES cycle 2 
PSEN derivative 
07 D0 Y/R 80 XIILLLLLLLLLLILLLL LI" RLLLLLLLLL LK PE XLLLLLL 
— <- tSLPH tsp0 '«—»| I< tHDO 
DXALE 
DXWR 
Fig. 29 Instruction MOV Dx,A timing (PCF84COOT only). 
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< PSEN derivative 
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Fig. 30 Instruction MOV A,Dx timing (PCF84COOT only). 
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derivative 
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address 
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DXALE 
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DXRD 


tDXWR 
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Fig. 32 ANL/ORL derivitive interface timing (PCF84COOT only). | ; 
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(1) clock frequency = 200 kHz (1) clock frequency = 10MHz 

(2) clock frequency = 1MHz (2) clock frequency = 6MHz ~ 

(3) clock frequency = 3MHz (3) clock frequency = 3,58 MHz 

(4) clock frequency = 10 MHz Fig. 34 Maximum supply current (!pp) 
Fig. 33 Maximum clock frequency (fxT Az, ) in operating mode as a function of the 
as a function of the supply voltage (Vpp). supply voltage. 
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(1) clock frequency = 10MHz Fig. 36 Typical supply current during 
(2) clock frequency = 6MHz IDLE mode as a function of frequency 
(3) clock frequency = 3,58 MHz at Vpp = 3 V and Vpp = 9 V. 


Fig. 35 Maximum supply current (ipp) 
in IDLE mode as a function of the supply 
voltage (Vpp). 
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A.C. CHARACTERISTICS (continued) 


7297326 


Fig. 37 Output sink current LOW (Io_), 
except outputs P23/SDA and SCLK, asa 


function of supply voltage (Vpp); Vo = 0,4 V. 


7297328 
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(2) Vo =0,7 Vpp 


Fig. 39 Output source current HIGH (—IQH) 
as a function of supply voltage (Vpp). 
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Fig. 38 Output current LOW (Io ), 
outputs P23/SDA and SCLK, as a function 
of supply voltage (Vpp); Vo = 0,4 V. 
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Fig. 40 Typical supply current during 
operating mode as a function of frequency 
at Vpp = 3 V and Vpp = 5 V. 
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Table 8 Input timing shown in figure 42. 


symbol 


tBUF 
THD; STA 
tHIGH 
tLow 
tSuU;STO 
tHD;DAT 
tSU;DAT 
tRD 

tRC 

tFD 

tFc 


(1) Tamb = 85 OC 


(2) Tamb = 25 OC Notes to Table 8 


Fig. 41 Typical supply current (Ipp) 
in STOP mode as a function of the supply 
voltage (Vpp). 
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SCLK 


=< THIGH > 


vl . | ft NK 7 
Tt 


tre tHD;:DAT tSU;DAT 
jt | le — 


tRD 


~(BUF* 


—e'THD STA 


IN 


IN 


tx TAL = One period of the XTAL input frequency (fxrap) 
= 167 ns for fyTAL = 6 MHz. 
These figures apply to all modes. 


peepee Oe NS) 


so wetimnnenramamienisiiamsmstsinm tmarssantirnet 0 3 Vop 
a4 ee — O7 Vop 
—~ 0.3 Vpn 
| 
-»ltsu;STO |. 
tEp 7287806 


Fig. 42 PCF84CXX timing requirements for the P23 and SCLEK /nput signals. 


Purchase of Philips’ 1*C components conveys a license under the 
Philips’ 17C patent to use the components in the |*C-system 
provided the system conforms to the |*C specifications defined 
by Philips. 


RO mn Cet SEA AEE LC ANAT IOS TIE KN REI CISPR 
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<— tLlow— 


09Vpp 
SCLK bs 
VoLmax 


<—tFp 


0,9 V 
P23 acknowledge bit DD 


VoLmax 


—>| THD STA He 


—_> <<— Saeed —— 
tHD;:DAT tsu:DAT 7287807 


Fig. 43 PCF84CXX timing requirements for the P23 and SCLK output signals. 
Table 9 Output timing shown in Figure 43 


sn war 


symbol normal mode low-speed mode © 
(ASC in S2 = 0) ~ (ASC.in'S2= 1) © 


tHD; STA % (DF + 9) txTAL % (DF + 9) tx TAL 
tHIGH | (DF) tx TAL (DF) tx TAL 
tLow % (DF) tXTAL % (DF) tXxTAL 
tsu: STO % (DF —3) tx TAL % (DF —3) tx TAL 
tHD; DAT | 
(slave transmitter 
avo | > 8XTAL > I9XTAL 
S 12tx TAL S 12tX TAL 
tHD; DAT | 
(master transmitter) 
for DF < 51 | = OXTAL ~ 
S 12tXTAL - 
for DF <99 — > OtXTAL 
= S 12tX TAL 
tsu; DAT 
(master transmitter) 
for DF > 51 = 1StxTAL — 
S 24ty TAL -- 
for DF > 99 — 2 1StxX TAL 
tac 2 ItXTAL = IXTAL 
<12tx TAL < 12tXTAL 
tEp,tFc < 100 ns < 100 ns 


at Ch = 400 pF at Ch = 400 pF 


Notes to Table 9 


'XTAL = one period of the XTAL input frequency (fx T,_ ) 
= 167 ns for fx Tay = 6 MHz. 

DF = divisor (see Table 2 Serial !/O section). 

Cb = the maximum bus capacitance for each line. 
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Fig. 44 Block diagram of the external Dx register interface. The Dx interface can only be used with 
PCF84COOT. 
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This data sheet contains advance information and 
specifications are subject to change without notice. 
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SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 


The PCF84C85 microcontroller is manufactured in CMOS, and is designed to be an efficient controller 
as well as an arithmetic processor. The instruction set is based on that of the MAB8048 and is software 
compatible with the PCF84CXX family. The PCF84C85 has two additional derivative ports and the 
microcontroller has bit handling abilities and facilities for both binary and BCD arithmetic. 


For detailed information on the PCF84CXX see the ’’Single-chip 8-bit Microcontrollers’’ user manual. 


Features 

@ 8-bit CPU, ROM, RAM, I/O in a single 40-lead DIL or mini-pack package 
® 8K ROM 

@ 256 RAM bytes 

@ 32 quasi-bidirectional |/O port lines 

@ Two test inputs: one of which is also the external interrupt input 

@ Single-level vectored interrupts: external, timer/event counter, serial 1/O 
@ Serial 1/O which can be used in single or multi-master systems 


(serial |/O data via an existing port line and clock via a dedicated line) 
8-bit programmable timer/event counter 

Clock frequency 100 kHz to 10 MHz 

Over 80 instructions (based on MAB8048) all of 1 or 2 cycles 

Single supply voltage from 2,5 V to 5,5 V 

STOP and IDLE mode 

Power-on-reset circuit 

Operating temperature range: —40 to +85 °C 


PACKAGE OUTLINES 


PCF84C85P: 40-lead DIL; plastic (SOT-129) 
PCF84C85T: 40-lead; mini-pack (SOT-158A) 
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Fig. 1 Block diagram. 
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PINNING 
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PCF84C85 


26 | DPO. 4 derivative 


port O 
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DEVELOPMENT DATA 
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Fig. 2 Pinning diagram. 


PIN DESIGNATION 
38 SCLK Clock: bidirectional clock for serial I/O. 


1 INT/TO Interrupt/Test 0: external interrupt input (sensitive to negative-going 
edge)/test input pin; when used as a test input directly tested by conditional 
branch instructions JTO and JNTO. 

39 T1 Test 1: test input pin, directly tested by conditional branch instructions JT 1 
and JNT1. T1 also functions as an input to the 8-bit timer/event counter, 
using the STRT CNT instruction. 


18 XTAL 1 Crystal input: connection to timing component (crystal) which determines 
the frequency of the internal oscillator; also the input for an external clock 
source. 

19 XTAL 2 Connection to the other side of the timing component. 

21 RESET Reset input: used to initialize the processor (active HIGH), or output of 


power-on-reset circuit. 
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PIN DESIGNATION (continued) - 


2-9 PO.0-PQ.7 Port 0: 8-bit quasi-bidirectional I/O port. 
10-17. P1.0-P1.7 Port 1: 8-bit quasi-bidirectional |/O port. 
37 P23/SDA Port 2: 1-bit quasi-bidirectional |/O port or serial data input/output in 


serial |1/O mode. 
22-29 DPO.0-DPO.7  Derivitive port 0: €-bit quasi-bidirectional !/O port. 
30-36 DP1.0-DP1.6  Derivitive port 1: 7-bit quasi-bidirectional 1/O port. 
20 Vss Ground: circuit earth potentional. 
40 VDD Power supply: 2,5 V to 5,5 V. 


FUNCTIONAL DESCRIPTION 


Program memory 


The program memory consists: of 8 K bytes, in a read-only memory (ROM). Each location is directly 
addressable by the program counter. The memory is mask-programmed at the factory. Figure 3 shows 
the program memory map. 


Four program memory locations are of special importance: 


® Location 0; contains the first instruction to be executed after the processor is initialized (RESET), 
® Location 3; contains the first byte of an external interrupt service subroutine; 

© Location 5; contains the first byte of a serial |/O interrupt service subroutine. 

@ Location 7; contains the first byte of a timer/event counter interrupt service subroutine. 


Program memory is arranged in banks of 2 K bytes, which are selected by SEL MB instructions. The 
program memory is further divided into location ‘pages’, each of 256 bytes. This latter division applies 
only for conditional branches. Memory bank boundaries can be crossed only by using unconditional 
branch instructions after the appropriate memory bank has been selected. A CALL instruction can 
transfer control to a subroutine on any ‘page’; RET and RETR instructions can transfer control from 
a subroutine back to the main program. 


Data memory 


Data memory consists of 256 bytes, random-access data memory (RAM). All locations are indirectly 
addressable using RAM pointer registers; up to 16 designated locations are directly addressable. Memory 
also includes an 8-level program counter stack addressed by a bit stack pointer. Figure 4 shows the 
data memory map. 


Working registers 


Locations 0 to 7 are designated as working registers, directly addressable by the direct register 
instructions. Ease of addressing, and a minimum requirement of instruction bytes to manipulate their 
contents, makes these locations suitable for storing frequently addressed intermediate results. This 
bank of registers can be selected by the SEL RBO instruction. 

Executing the select register bank instruction SEL RB1, designates locations 24 to 31 as working 
registers, instead of locations 0 to 7, and these are then directly addressable. This second bank of working 
registers may be used as an extension of the first or reserved for use during interrupt service subroutines 
saving the first bank for use in the main program. If the second bank is not used, locations 24 to 31 

may serve as general purpose RAM. eer. ae ! fine | 

The first locations of each bank contain the RAM pours registers RO, R1, RO’ and R1’, which 

indirectly address all RAM locations. ees Mee % ae 

All RAM locations make efficient peoviem loop « counters when used miele the cocieiient pote and 

test instruction DJNZ. | 7 ne ns 7 
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SEL MB3 
SEL MB2 
SEL MB1 
es aay addressed 
| indirectly 
through pointers 
oEEmae RO, R1, RO’, R17’ 
WORKING directly 
REGISTERS addressable 
when bank 1 
is selected 
8 LEVEL 
STACK 
or 3 
USER RAM 
16x8 
8 
7 location 7: timer/counter interrupt vector | 
6 BANK 0 
5 location 5: serial 1/O interrupt vector WORKING directly 
4 REGISTERS addressable 
3 location 3: external interrupt vector when bank 0 
2 is selected 
1 
0 location 0: reset vector 
7296649 7296668 
Fig. 3 Program memory map. Fig. 4 Data memory map. 


Program counter stack 


Locations 8 to 23 may be designated as an 8-level program counter stack (2 locations per tevel), or as 
general purpose RAM. The program counter stack (Fig.5) enables the processor to keep track of the 
return addresses and status generated by interrupts or CALL instructions by storing the contents of 
the program counter prior to servicing the subroutine. A 3-bit stack pointer determines which of the 
eight register pairs of the program counter stack will be loaded with next generated return address. 


The stack pointer, when initialized to 000 by RESET, points to RAM locations 8 and 9. On the first 
subroutine CALL or interrupt, the contents of the program counter and bits 4, 6 and 7 of the program 
status word (PSW) are transferred to locations 8 and 9. The stack pointer increments by one and 
points to locations 10 and 11 ready for another CALL. Because an address may be up to 13 bits long, 
two bytes must be used to store each address. 


At the end of a subroutine, which is signalled by a return instruction (RET or RETR), the stack 
pointer decrements by one and the contents of the register pair on top of the stack are transferred to 
the program counter. The saved PSW bits are transferred to the PSW only by the RETR instruction. 


if not all 8 levels of subroutine and interrupt nesting are used, the unused portion of the stack may be 
used as any other indirectly addressable RAM locations. 


Nesting of subroutines within subroutines can continue up to 8 times without overflowing the stack. 
lf overflow does occur the deepest address stored (locations 8 and 9) will be overwritten and fost 
since the stack pointer overflows from 111 to QO0. It also underflows from O00 to 111. 
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FUNCTIONAL DESCRIPTION (continued) 


The value of the saved contents of the program counter is different for an interrupt CALL compared 
to anormal CALL to subroutine. With an interrupt CALL, the program counter return address is 
saved; with a subroutine CALL, the saved program counter value is one less than the program counter 
return address. — | | : 


STACK 7289147.2 
POINTER 


22 
21 
20 
19. 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
R8 


LPC? | 
pce 


MSB LSB 


Fig. 5 Program counter stack. 


IDLE and STOP modes 


IDLE mode 


When the microcontroller enters the IDLE mode via the IDLE instruction (01 H) the oscillator, 
timer/counter and serial |/O are kept running. The microcontroller exits from the |DLE mode by one 
of three interrupts if they are enabled or by activating a RESET. If the interrupt is not enabled the 
processor will remain in the IDLE mode. An active signal on the RESET pin restarts the micro- 
controller and a normal RESET sequence is executed (see Fig. 6). 


program 


IDLE - counter = 0 
NORMAL MODE IDLE MODE | | NORMAL MODE 
PROGRAM FLOW , | 
OSCILLATOR PRELLRELHAELTE ELLE ELLE ELLE 
RESET 
_»| RES |, 1866 
> lus clock periods 7287788 


Fig.6 Exit from IDLE mode via a RESET. 
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An active signal coming from an enabled interrupt causes the execution of the normal interrupt routine 
since normal interrupt scanning is still being carried out. A HIGH-to-LOW transition on the external 
interrupt pin (INT/TO) reactivates the microcontroller. A LOW level applied to INT/TO will reactivate 
the microcontroller only in the STOP mode. Thus,if INT/TO was LOW before the microcontroller 
entered the |DLE mode, it must go HIGH before the microcontroller can be reactivated (see Fig. 7). 


IDLE program counter = 


003H 
————— IDLE MODE 


NORMAL MODE NORMAL MODE 
PROGRAMFLOW ———————————— 1h 


OSCILLATOR EELLEEEELT HEEL LETTE ELL LEELEELEPELTLELTEPETEEETPETTEETTELTEELLEL HE 
INT/TO Wa : 


| >4 _ < 60 — 


clock clock clock 
periods periods periods 7297331.1 


Fig. 7 Exit from IDLE mode via an interrupt. 


Wake-up from the IDLE mode is ensured when INT/TO is HIGH for at least 4 CP (clock periods) 
followed by a LOW for 7 CP. After the initial forced CALL (03 H) operation (60 CP) the program 
continues with the external interrupt service routine. 


STOP mode 


The microcontroller enters the STOP mode by the STOP instruction (22 H). The oscillator is switched 
off. The internal status of the CPU, RAM contents and the state of |/O ports are not affected. The 
microcontroller can be brought-out of the STOP mode by an active signal at the external interrupt 
input or by an external RESET signal. When one of these two signals is applied an internal delay of 
1866 CP is provided to ensure that all internal clocks are operating correctly before restart (see Fig. 8). 
Note; the start-up time of a crystal oscillator is measured in milliseconds, and the 1866 CP count 
begins after this start-up time. 


DEVELOPMENT DATA 


If the microcontroller exits from the STOP mode by activating RESET, anormal RESET sequence is 


executed. 
program counter = 
0 or OO3H or next value 


following the STOP instruction 
NORMAL MODE STOP MODE NORMAL MODE 
PROGRAM FLOW —————————— eS 


RESET 


"RES 1866 
>t1yus clock periods 


OR 


mine ZY 


> 


> 1us 


1866 
clock periods 


7297329.1 


Fig. 8: Entering and exiting the STOP mode. 
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FUNCTIONAL DESCRIPTION (continued) 


if the microcontroller exits the STOP mode by pulling the external interrupt input pin LOW, an 
interrupt sequence is executed only if the external interrupt is enabled. in this event the micro- 
controller resumes the normal program sequence after returning from the interrupt routine, as in the 
normal mode. If the interrupt is not enabled, it continues the normal program sequence, executing the 
instruction following the STOP instruction. 

The microcontroller is restarted by a LOW level applied at the INT/TO pin, and not by a HIGH-to-LOW 
transition as in a normal interrupt mechanism. 

Note: when leaving the STOP mode with an interrupt, a further instruction in the main program series 
is executed prior to entering the interrupt routine. 


When the INT/TO level is active during the STOP instruction then no STOP is executed. 

A LOW level on the external interrupt input of at least 1 us will cause the microcontroller to exit the 
STOP mode. 

1/0 facilities 

The PCF84C85 family has 32 I/O lines arranged as: 

® PortO parallel port of 8 lines (P0.0 to PO.7) 


® Port 1 parallel port of 8 lines (P1.0 to P1.7) 

® Port2 parallel port of 1 line (P2.0) 

® D port 0 parallel port of 8 lines (DPO.0-DPO.7) 

® D port 1 parallel port of 7 lines (DP71.0-DP1.6) 

@ SCLK {?C-bus serial clock line shared with parallel port line P2.3 

® INT/TO external interrupt and test input. When used as a test input can be directly tested by 
conditional branch instructions JTOQ and JNTO 

eT] test input which can alter program sequences when tested by conditional jump instructions 


JT1 and JTN1. T1 also functions as an input to the 8-bit timer/event counter. 


Parallel ports 


All parallel ports can be used as outputs or inputs, their structure is quasi-bidirectional. 
Output data written to a port is latched and remains unchanged until rewritten. 
input data is not latched and so must be present until read by an input instruction. 


Input lines are fully CMOS compatible, output lines can drive one TTL or CMOS load. 


eee an 


A cycle Pa 


cycle 2 


~ ANL Pp, data 


P 
PO,P1,P2 ORL Po. # data 


7220150 


Fig. 9 Shows the timing diagram for all ports using IN, OUTL, ANL and ORL instructions. For the 
OUTL instruction data changes on time slot 7 of cycle 1. For the MOV, ANL and ORL instructions, 
the ports change on time slot 7 of cycle 2. 
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Fig. 10 shows the quasi-bidirectional |/O interface with push-pull output and switched pull-up current 
source. Each line is pulled up to Vpp via a constant current source (TR4), which is enabled via TR3 
whenever one of the two output latches contains a logic 1. This current source is sufficient for a 

TTL HIGH level, yet can be pulled LOW by an external CMOS device, thus allowing the same pin to 
be used for both input and output. 


When a logic 1 is written to the line for the first time (MQ = 1, SOQ = 0), TR2 is switched on for the 
duration of the internal write pulse (one oscillator period), to provide a fast transition from logic O to 
logic 1. Subsequent writing of a logic 1 to the port lines will not switch TR2 on. This prevents 
unnecessary current through external components connected to the port lines of the same port which 
might be in the input mode and also connected to ground. 

When a logic 0 is written to the line, TR3 switches off the current source. Current sinking capability 


is provided by TR1, which is now switched on. When used as an input, a logic 1 must first be written 
to the line, otherwise TR1 will remain low impedance. 


The PCF84C85 family offers the possibility to select individually 31 of the 32 parallel port pins 
(not P23), by the following mask options: 
Option 1 — STANDARD PORT; quasi-bidirectional I/O with switched pull-up current source of 
100 vA (typ.) and P-channel booster transistor TR2. 
TR2 is only active during 1 clock cycle (Fig. 10). 


Option 2 — OPEN DRAIN; quasi-bidirectional 1/O with only an N-channel open drain output. 
Application as an output requires connection of an external pull-up resistor (Fig. 11). 


Option 3 — PUSH-PULL OUTPUT; drive capability of the output will be 1,6 mA (min.) at 
Vpp = 5 V in both polarities. To avoid a large current flowing through the 
output transistors during the input mode, these push-pull pins must only be used as 
outputs (Fig. 12). 


DEVELOPMENT DATA 
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DATA BUS 


constant 
current 
source 


MOV/ORL/ANL 


7287792, 2 


MOV/IN 


Fig. 10 Standard output with switched pull-up current source. 
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WRITE PULSE | Vpop 


DATA BUS a D MQ Rg sa 
| >< D Ma el 
| TRI 
| >e “I 
<a Vss 
MOV/ORL/ANL 
a 7Z87793.2 


MOV/IN 


1/O PORT 
ine LINE 


Fig. 11 Open drain output. 


WRITE PULSE 


DATA BUS 


constant 
current 
source 


7287794.2 
MOV/ORL/ANL 


Fig. 12 Push-pull output. 
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Serial 1/0 (SIO) 


The PCF84C85 has an on-chip serial |/O interface. 


Whereas a normal microcontroller must regularly monitor the serial data bus for the presence of data, 
the serial {/O interface detects, receives and converts the serial data stream into parallel format without 
interrupting the execution of the current program. An interrupt is sent to the PCF84C85 only when a 
complete byte is received. It then reads the data byte in one instruction. Likewise during transmission 
the serial |/O interface performs parallel to serial conversion and subsequent serial output of the data. 
The microcontroller is only interrupted in the execution of its programmed tasks when a complete 
byte has been transmitted. 


The design of the PCF84C85 serial 1/O system allows any number of devices from PCF8500 family 
(clips) to be connected via the two-line serial bus. The ability of any devices to communicate, without 
interrupting the operation of any other devices on the bus, is an outstanding attribute of the system. 
This is achieved by allocating a specific 7-bit address to each device and providing a system whereby a 
device reacts only to a message prefixed with its own address or the ‘general CALL’ address. 

Address recognition is performed by the interface hardware so that operation of the microcontroller 
need only be interrupted when a valid address has been received. This saves significant processing time 
and memory space compared with a conventional microcontroller employing a software serial interface. 
When the addressing facility is not required, for instance in a system with only two microcontrollers, 
direct data transfer without addressing can be performed. In multi-master systems, an automatically 
invoked arbitration procedure prevents two or more devices from continuing simultaneous transmission. 


In NORMAL (running) and IDLE mode, the serial 1/O logic remains active; its internal system clock 
will be switched off when there is no activity on the serial bus. 


After execution of the STOP instruction, the oscillator of the PCF84C85 is switched off. This means 
that the serial 1/O logic will remain in the state it was at the occurance of the STOP instruction. To 
avoid ‘‘bus block” problems and to assure correct start-up of the bus after exit from the STOP mode, 
the user should disable the serial logic (ESO = 0) prior to the execution of the STOP instruction. This 
must be carried out only when the PCF84C85 has finished a serial data transfer. 


DEVELOPMENT DATA 


Serial 1/O interface 


Figure 13 shows the serial 1/O interface. The clock line of the serial bus has exclusive use of pin 38 
(SCLK) while the data line shares pin 37 (serial data) with the 1/O line P23 of port 2. When the serial 
1/O is enabled, P23 is disabled as a parallel port line; (P23 and SCLK only open drain). 


The microcontroller and interface communicate via the internal microcontroller bus and the Serial 
Interrupt Request line. Data and information controlling the operation of the interface are stored in 
four registers: 


@ Data shift register (SO) 

@ Serial 1/O interface status word (S1) 
© Serial clock control word (S2) 

@ Address register 
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FUNCTIONAL DESCRIPTION (continued) 
Data shift register (SO) 


Register SO converts serial data to parallel format and vice versa. A pending interrupt is generated only 
after a complete byte has been transmitted, or after a complete data byte, specific address or ‘general 
CALL’ address has been received. The most significant bit is transmitted first. 

Serial I/O interface status word (S1) 


Register S1 provides information concerning the state of the interface and stores information from the 
microcontroller. Bits O to 3 are duplicated: control bits in these positions can only be written by the 
microcontroller, while interface bits can only be read. : 


MST and TRX (see Table 1) 
These bits determine the operating mode of the serial 1/O interface. 


Table 1 Operating modes of the serial !/O interface 


operating mode 


slave receiver 


master receiver 
slave transmitter 
master transmitter 


BB: Bus Busy. 
This is the flag which indicates the status of the bus. 
PIN: Pending Interrupt Not | 


PIN = ‘0’ indicates the presence of a pending interrupt, which will cause a Serial Interrupt Request 
when the serial interrupt mechanism is enabled. 


ESO: Enable Serial output 7 | 

The ESO flag enables/disables the serial |/O interface: ESO = ‘1’ enables, ESO = ‘0’ disables. ESO can 
only be written by software. 

BCO, BC1 and BC2 


Bits BCO, BC1 and BC2 indicate the number of bits received or transmitted in a data stream. These 
bits can only be written by software. 


AL: Arbitration Lost 


The arbitration lost flag is set by hardware when the serial I/O interface, as master transmitter, loses a 
bus arbitration procedure. 
AAS: Addressed As Slave 


This flag is set by hardware when the interface detects either its own specific address or the ‘general 
CALL’ address as the first byte of a transfer and the interface has been programmed to operate in the 
address recognition mode. 


ADO: Address Zero 


This flag is set by hardware after detection of the ‘general CALL’ address when the interface is operating 
in the address recognition mode. 


LRB: Last Received Bit © 


This contains either the last data bit received or, for a transmitting device in the acknowledgement 
mode, the acknowledgement signal from the receiving device. 


Bits AL, AAS, ADO and LRB can only be read by software. 
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Serial clock control word (S2) 


Bits 0 to 4 of the clock control register S2 are used to set the frequency of the serial clock signal. When 
a 6 MHz crystal is used, the frequency of the serial clock can be varied between 154 kHz and 1 kHz 
(see Table 2). An asymmetrical clock with a HIGH-to-LOW ratio of 3 : 1 can be generated using bit 5. 
The asymmetrical clock allows a microcontroller more time per clock period for sampling the data line, 
making the timing of this action less critical. Bit 6 can be used to activate the acknowledge mode of 
the serial |/O. S2 is a write only register. 


Address register 


The address register contains the 7-bit address back-up latches and the bit (ALS) used to enable/disable 
the address recognition mode. The address register can be written using the MOV SO, A and MOV SO, 
 # data instructions, but only when ESO = ‘0’. 


Serial |/O interrupt logic 


An EN SI instruction enables and a DIS Si instruction disables the interrupt logic. When the logic is 
enabled, a pending interrupt results in a serial |/O interrupt to the processor, causing a CALL to 
location 5 in the ROM. When disabled, the presence of an interrupt is still indicated by PIN in S1, 
allowing the interrupt to be serviced. However, vectored interrupt will not occur. 
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FUNCTIONAL DESCRIPTION (continued) 


Table 2 SIO clock pulse frequency control when using 6 MHz crystal 


hexadecimal divi fx TAL (6 MHz) fx TAL (10 MHz) 
S20-S24 code ISOT | fet K (kHz) fscLK (kHz) 


0 not allowed 

1 39 *154 *256 
2 45 *133 *222 
3 51 *118 *196 
4 63 95 *159 
5 75 80 *133 
6 87 69 *115 
7 99 61 *101 

8 123 49 81 

9 147 41 68 
A 171 35 58 

B 195 31 51 

C 243 25 41 

D 291 21 34 

E 339 18 29 

F 387 16 26 
10 483 12 21 
11 579 10 17 
12 675 8,9 15 
13 771 7,8 13,4 
14 963 6,2 10,4 
15 1155 5,2 8,7 
16 1347 45 7,4 
17 1539 3,9 6,5 
18 1923 3,1 5 2 
19 2307 2,6 43 
1A 2691 2,2 3,7 
1B 3075 2,0 3,3 
1C 3843 1,6 2,6 
1D 4611 1,3 2,2 
1E 5379 1,1 1,9 
1F 6147 1,0 1,6 


* Not permitted for 1?C operation; the maximum clock frequency in the 1?C systems is 100 kHz. 
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Fig. 13 Serial 1/O interface. 
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FUNCTIONAL DESCRIPTION (continued) 


interrupts (see Fig. 14) 


When the external interrupt is enabled, a HIGH-to-LOW transition on the INT/TO input initiates an 
external interrupt subroutine which causes a CALL to program memory location 3 following completion 
of the current instruction. 


Serial I/O interrupt, when enabled, causes a CALL to location 5, and a timer/event counter overflow 
forces a CALL to location 7 when the timer interrupt is enabled. 


When an interrupt subroutine starts, the contents of the program counter and bits 4, 6 and 7 of the 
PSW have been saved in the program counter stack. Accumulator contents have to be saved by 
software. Interrupt acknowledgement can be carried out by software via port pins. All interrupt 
subroutines must reside in memory bank 0. 


Since the interrupt system is single level, once an interrupt is detected, all further interrupt requests 
are latched, but ignored, pending a RETR instruction to re-enable the interrupt input logic. After 
executing RETR, the program continues in the main part; this is independent of the occurance of a 
second interrupt during the running of the first routine. If 2 or 3 interrupts occur simultaneously, 
their priority is: 

@ (1) external 

@ (2) serial |/O 

@ (3) timer/event counter 

An external interrupt can be generated by using the timer/counter in the event counter mode. The 
counter is first preset to (FFH), then EN TCNTI instruction is executed. A LOW-to-HIGH transition 
of the T1 input will then initiate an interrupt subroutine and cause a CALL to location 7. 

On execution of a DIS | instruction, the PCF84C85 always clears the digital filter/latch and the 
External Interrupt Flag. 


The Timer Flag (TF) is reset only when the JTF or JNTF instruction is executed or after RESET. 
The Timer Interrupt Flag is set when timer overflow occurs, only if the timer interrupt is enabled. 
The microcontroller will exit the |DLE mode when any one of the following three interrupts is enabled: 


@ External 
@ Serial 1/O 
@ Timer/event counter 


There is no internal pull-up or pull-down device connected to the external interrupt input (pin 1). 
lf required pin 1 must be externally connected to a resistor (R < 100 k{2). When the external 
interrupt is not used pin 1 must be connected to Vpp. 


_ Improvements to interrupt and timer logic with respect to the MAB8400 family 
For detailed information see the user manual 'Single-chip 8-bit Microcontrollers”. 
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RESET 
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EXT. INT. ACKNOWL. 


SIO INT. ACKNOWL. 
TIMER INT. ACKNOWL. 
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TCNT | = 
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Notes to figure 14 


1. INT/TO negative edge is always latched in the digital filter/latch. 

2. Correct interrupt timing is ensured when INT/TO is HIGH for > 4 CP followed by a LOW for > 7 CP. 

3. When the interrupt in progress flag is set, further interrupts are latched but ignored, until RETR is 
executed. | 

4. A DIS | instruction always clears a pending external interrupt. 

5. For all flip-flops, RESET overrules SET. 


Fig. 14 Interrupt logic. 
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FUNCTIONAL DESCRIPTION (continued) 


Oscillator (see Fig. 15) 


The oscillator can be inhibited by the STOP instruction under software control. It is also inhibited 
when a low-supply voltage condition is present to prevent discharge of a weak back-up battery. 
Provided the supply voltage is within the operating range the oscillator will be restarted after a STOP 
instruction by a LOW level at the INT/TO pin or a HIGH level at the RESET pin. 


PCF 84C85 
inhibit 


C1 
it 1 
Cc Co 
qT R1 
symbol 
XTAL2 
7279510 
I 7296669 ar 
Fig. 15 Oscillator with integrated elements. Fig. 16 Crystal unit equivalent circuit. 


The values of crystal series resistance R1 and the crystal’s total load capacitance CL (Co + wiring + 

external capacitors) must not be above the curve (Fig. 17) for the corresponding frequency. 

Note; if external capacitors are connected to XTAL 1 and XTAL they must be of equal value. 
7220152 


80 


Fig. 17 Crystal circuit criteria. 


The oscillator has the output drive capability via pin 19 (XTAL2). An external clock can be applied 
to pin 18 (XTAL1). A machine cycle consists of 10 time slots, each time slot being 3 oscillator periods. 


Timer/event counter (see Fig. 18) 


An internal 8-bit up-counter is provided. This can count external events, modulo-32 machine cycles, or 
machine cycles directly. Table 3 gives the instructions that control the counter and the prescaler, and 
the functions performed. | 


When used as a timer, the input to the counter is either the overflow or input of a 5-bit prescaler. When 
used as an event counter, LOW-to-HIGH transitions on pin 39 (T1) are counted. The maximum rate at 
which the counter may be incremented is once every machine cycle. When the counter overflows, the 
timer flag is set. The flag can be tested and reset using the JTF (jump is timer flag = 1) or JNTF 
instruction. Overflow also generates an interrupt to the processor via setting of the Timer Interrupt 
Flag when the timer/event counter interrupt is enabled. 
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Single-chip 8-bit microcontroller 


Table 3 Timer/event counter control 


timer mode 
function modulo-1, modulo-32* counter mode 


CLEAR MOV T,A (A) =0 MOV T,A (A) =0 


or RESET or RESET 
PRESET MOV T,A MOV T,A 
START STRT T STRT CNT 
STOP STOP TCNT STOP TCNT 

or RESET or RESET 
TEST JTF/JNTF JTF/JNTF 


READ** MOV A,T MOV A,T 


PRESCALER 
+32 


XTAL +30 
{internal clock 
frequency ) 


cleared on 
start timer 


PS = 1 


AO 

EDGE 
DETECTOR] B~ 
Cc 


A= START TIMER 
B = START COUNTER 
C = STOP TIMER/COUNTER 


jump if 
timer flag 
load or read = | 


8- BIT 
TIMER / 
EVENT 

COUNTER 


cleared 
on reset 


7289148 


Program status word (see Fig. 19) 


PCF84C85 


Fig. 18 Timer/event counter. 


The program status word (PSW) is an 8-bit word (1 byte) in the CPU which stores information about 


the current status of the microcontroller. 
The PSW bits are: 


Fig. 19 Program status word. 


@ Bits 0 to 2 stack pointer bits (SPo, SP4, SP2) 
@ Bit3 prescaler select (PS); 
0 = modulo-32; 1 = modulo-1 (no prescaling) 
@ Bit 4 working register bank select (RBS); 
O = register bank 0; 1 = register bank 1 
@ Bit 5 not used (1) 
@ Bit 6 auxiliary carry (AC); half-carry bit generated by an ADD instruction and used by the 
decimal adjust instruction DA A 
@ Bit 7 carry (CY); the carry flag indicates that previous operation has resulted in an 
overflow of the accumulator. 
saved in saved in ; 
the stack the stack stack pointer 
__, as o_o" 
fox [ac] + [res] m5] sro] i] 5% 
7 6 5 4 3 2 1 0 
MSB LSB 


7289149 


* With prescaler select, PS = 0, the timer counts modulo-32 machine cycles, with PS = 1 it counts 
modulo-1 cycles (prescaler not used); prescaler cleared with STRT T, prescaler not readable. 
** READ does not disturb the counting process. 
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FUNCTIONAL DESCRIPTION (continued) 
Program status word (continued) 


All bits can be read using the MOV A, PSW instruction. Bits 7 and 6 are set and cleared by CPU 
operation. Bit 4 can be changed by a SEL RB instruction, bit 3 by the MOV PSV, A instruction, and 

bits 0, 1 and 2 by the CALL, RET or RETR instructions and in the event of an interrupt. Bits 7, 6 and 

4 are stored in the program counter stack during subroutine and interrupt calls. These bits are restored 

in the PSW with a RETR (return and restore) instruction which must be used at the end of an interrupt and 
can be used at the end of a normal subroutine. The RET instruction has no restore feature and cannot 
be used at the end of an interrupt. 


Program counter (see Fig. 20) 


The 13-bit program counter is able to address 8 K bytes of ROM. The arrangement of the bits is shown 
in figure 20. During an interrupt subroutine PC 1 and PC19 are forced to logic O. All 13 bits are saved 
in the stack during CALL and interrupt routines. 


reiafrcr ero] orca rer |rce Pes] eee res} Fea) rei) Peo 


Conventional Program Counter 


e counts OOOH to 7FFH 
e overflows 7FFH to OOOH 


JMP or CALL instructions transfer the 
contents of internal flipflop MBFFO to PC11 
and MBFF 1 to PC12 


(MBFFO) < 0 by SEL MBO or RESET 
(MBFF1) <0 


(MBFFO) < 1 by SEL MB1 
(MBFF1) < 0 


(MBFFO) < O by SEL MB2 
(MBFF1) < 1 


(MBFFO) < 1 by SELMB3 
7289150 (MBFF1) < 1 


Fig. 20 Program counter. 


Central processing unit 


The PCF84C85 has arithmetic, logical and branching capabilities. The DA A, SWAP A and XCHD 
instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction 
permits efficient table look-up from the current ROM page. 


Conditional branch logic 


The conditional branch logic within the processor enables several conditions, internal and external to 
the processor, to be tested by the user’s program. Table 4 lists the conditional jump instructions used 
to change the program sequence. The DJNZ instruction decrements a designated register or data 
memory location and branches if the contents are not zero. This instruction is useful for looping 
control. The JMPP@A instruction allows multiway branches to destinations determined by the contents 
of the accumulator. . 
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Table 4 Conditional branches 


jump condition jump instruction 


accumulator all bits zero JZ 
any bit non-zero JNZ 
JBO to JB7 
JC 
JNC 
JTF 
JNTF 
JTO 
JNTO 
JT1 
JNT1 
register non-zero DJNZ 


accumulator bit test 
carry flag 


timer overflow flag 


test input TO 


test input T1 


O- 0-0-0 = 


Test input T1 (pin 39) 
The T1 input line can be used as: 


@ A test input for branch instructions JT1 and JNT1 
@ An external input to the event counter 


When used as a test input: 


@ JT1 instruction tests for logic 1 level 
@ JNT1 instruction tests for logic 0 level 


When used as an input to the event counter, T1 must be LOW for > 4 CP, followed by a HIGH for 
> 4 CP. The transition can be recognized with a repetition rate of once per 30 oscillator clock periods 
(1 machine cycle). 


DEVELOPMENT DATA 


There is no internal pull-up or pull-down resistor connected to the T1 input. If required it must be 
externally connected to a resistor (R = < 100 kQ.). When T1 is not used pin 39 must be connected to 


Vpp or Voss. 


Reset (pin 21) 
A positive-going signal on the RESET input 


@ Sets the program counter to zero 

Selects location 0 of memory bank O and register bank 0 

Sets the stack pointer to zero (000); pointing to RAM address 8 
Disables the interrupts (external, timer and serial !/O) 

Stops the timer/event counter, then sets it to zero 

Sets the timer prescaler to modulo-32 

Resets the timer flag 

Sets all ports to input mode 

Sets the serial |/O to slave receiver mode and disables the serial |/O 
Cancels IDLE and STOP mode 
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FUNCTIONAL DESCRIPTION (continued) 


Power-on-reset 


The internal power-on reset circuit monitors the PCF84C85 supply voltage Vpp. For as long as 
the supply voltage remains below the internal reference level Vre¢ (typically 1,5 V) the oscillator is 
inhibited and RESET (pin 17) has an undefined level. When Vpp rises above the internal reference 
level, the oscillator is released and RESET is pulled high to Vpp by TR1 for a period tp (typically 
50 us). 


N.B. Because of the narrow bandwidth of the crystal, the start-up time of the oscillator is typically 
10 ms. 


Three modes of power-on reset are possible: 


1. If Vpp can be switched on with fast rise time i.e. Vpp reaches its minimum operating value (correspon- 
ding to the selected oscillator frequency) before the RESET signal (tp) has finished, then no extra 
components are required (see Fig. 21 and 22). Note that the first instruction is executed after the 
oscillator start-up time plus 1866 clock periods have elapsed. 


2. If Vpp has a slow rise time then the RESET signal should be stretched by an external RC circuit 
(see Fig. 23 and 24).In the event of a short drop in the supply voltage, the diode path rapidly 
discharges the capacitor to ensure a reliable power-on reset. To ensure a correct reset, the RESET 
signal should reach at least 70% of the final value of Vpp. Given that the RESET voltage and 
Vpp rise exponententially, the above requirement is satisfied when the time constant 7 of the 
RESET pulse is >8 times the time constant of Vpp. If Vpp rises linearly, then a RESET time constant 
> 2 times the rise time of Vpp is required. 


When a reset is completed (RESET goes LOW) before the oscillator has started up, program 
execution begins after the oscillator start-up time plus 1866 clock periods have elapsed (see Fig. 24). 
If the oscillator is started-up prior to the completion of RESET, then program execution begins 
1866 clock periods after RESET goes LOW. 


3. Figure 25 shows an external reset to the PCF84C85 during power-on. The external reset 
signal must remain HIGH until Vpp has reached its minimum operating value corresponding 
to the selected oscillator frequency. When a reset is completed (RESET goes LOW) before the 
oscillator has started up, program execution begins after the oscillator start-up time plus 1866 
clock periods have elapsed (see Fig. 26). If the oscillator is started-up prior to the completion of 
RESET, then program execution begins 1866 clock periods after RESET goes LOW. 
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Fig. 22 Timing of power-on-reset with fast rise time. 
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Fig. 23 Stretched power-on-reset with external components. 
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Fig. 24 Timing of power-on-reset with a slowly rising Vpp and a stretched RESET pulse. 
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Fig. 25 External power-on-reset configuration. 
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Fig. 26 Timing of external power-on-reset. 
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INSTRUCTION SET 


The PCF84C85 instruction set consists of over 80 one and two byte instructions and is identical to 
the MAB8400 instruction set. New instructions are added for STOP and IDLE mode. Program code 
efficiency is high because all RAM locations and all ROM locations on a 256 byte page require only 
a single byte address. | | 


Table 7 gives the instruction set of the PCF84C85. Table 6 shows the instruction map and Table 5 
details the symbols and definition descriptions that are used. 


Table 5 Symbols and definitions used in Table 7 


definition description 


accumulator 
program memory address 

bit designation (b = 0-7) 

register bank select 

carry bit (bit CY) 

event counter 

Derivative register designation (x = 0,1,2 or 3) 
8-bit number or expression 

interrupt 

memory bank 

memory bank flip-flop 

mnemonic for ‘in-page’ operation 

program counter 

port designation (p = O, 1 or 2) 

program status word 

register bank 

register designation (r = 0-7) 

serial |/O register 

stack pointer 

timer 

timer flag 

test 0 and 1 inputs 

immediate data prefix 

indirect address prefix 

contents of X 

contents of location addressed by X 

is replaced by 

is exchanged with 
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Table 6 PCF84C85 instruction map 
ee ee ee a ee ee ee ey 


first hexadecimal character of opcode 


second hexadecimal character of opcode 


teem ee eee 


” 
3 
e 
© 
© 
=. 
o 
SSeS Sesser ese HSS SSK SSS SS HSS HSH SMS SSH SSS SSH SSS KH SSK SS HS SSS SH SS SE EB SH SSK SS SSS SS SSS SSS HS SBS SSS SPSS SSS BS SSS SS HSS Sse esses sss sss stSsssssssssess=] oo 
| 0 1 2 3 ! 4 | 5 i & 7 | 8 | 9 | A | B 1 C | D | E | F | S. 
) SSSS SSS eS See ees SSS SS SSS SS SS SSS SSS SSS SS SSSR SS SSS SSS SSS SSS SS SSS SSS SHS SSS SS SSS SS SSS SSS SSS SSS SSS SSS SHS SS SSS SSS SS SSS SS SS SSS SS sss sssSsssa] 
' Ot NOP {| IDLE 1! 1 ADD t JMP | EN It JNTF 1 DEC A! IN AsPp | | MOV A>Sn 3 
1 | 1\As#datal page O01! 1 addr | i 0 1 1 | 2 | | 0 1 | ! 9 
| ----------------- --- -- - - nn 5 5 5 nn nn nn rn nn nn nn nn gn nn rr nn nn ne nnn renner rsnn 1 ° 
1 4 t INC @Rr 1 JBO +t aADDC 1 CALL 1 DIS I! JTF | INC AT INC Rr ! 8 
0 ‘ 1 addr !A,#datal page O! 1 addr | | 0 | 1 2 | 3 | 4 5 | & | 7 3 
| ee ee ee ee ae ae ee a ee ae ee ee ae ee ee ee ce ee ee ce ee ae Se ee ae a a ee ae eee en ee eae ee ee fe Os eg ne See a Pee E eg Se Eee ae ee ge eg mean ee ee aN Se ge eT RET ee Fee pee NE pr ne Se ety mys nanan ee ange ree 1 — 
} 2 1 XCH As@Rr | STOP | MOV [| JMP | EN 1 JNTO | CLR A J XCH AsRr | o 
0 ! 1 1\As#datal page 1! TCNTI | addr | \ 0 | 4 Zz 3 4 | 5 6 7 ] o 
| ----------- $$ nr on nn nn nn nn nn nn nn nn nnn nn nnn nn nn rn nn nn nn nnn nnn nnn nn ne | 
1 3 | XCHD As@Rr 1 JB1 } } CALL |} DIS 1 JTO | CPL AJ OUTL Ppsd | MOV SnsA | 
| | 0 1 1 { addr | | page 1! TCNTI |! addr | ft) | 4 2 | 0 | 4 Zz 
| ----~-----------------------~-------~------- ~~ -- ~~ + 5 5 5 5 no on nn nnn nnn nn ne nnn nnn nnn nnn nnn en ne nner 
1 4 | ORL As@Rr ' MOV | ORL | JMP | STRT | JNT1 1 SWAP | ORL AdRr | 
1 5) 4 1 AsT JAs#datal page Z! CNT | addr | A | 0 1 1 2 3 4 5 & | 7 
| ------------ ~~ ---- +--+ 5 - - 5 5 5 5 on on nn nn nnn nn nn nn nn nn nn nnn nnn nnn nn nn nnn nnn ne een een nnn 
1 5 1 ANL AsaRr ) JB2 | ANL | CALL | STRT 1 JT1 $ DAA TL ANL AsRr 
| | 0 | 1 1 addr tA:#datal page Zz T ! addr |! | 0 | 4 | 2 | 3 1 4 | 5 i & | 7 | 
|) ------------------ ~~ - -- - - + - - 5 5 nn nn nn nn nn nn nn nn nn nn nn nnn nn nnn nnn ne enn nn ene nee ene 1 
1 6 | ADD AsaRr } MOV | 1 JMP | STOP | 1 RRC A} ADD AsRr 
1 0 | 4 1 TsA 1 } page 31 TCNT } 1 | 0 1 1 z 3 4 1 5 | & 7 
| ------------------------ -- = - $$ 5 5 nn nn en nn nn nn nn nn nnn nnn nn nn nn nn nn nnn nnn nn enn ene nn nen ee 
1 7 | ADDC A:@Rr 1 JBS 1 1 CALL 1 1 RR Al ADDC AsRr 
0 4 ! addr | | page 3! 0 | 1 2 | 3 4 5 | & \ 7 | 
| ------------~------------------- --- + - + -- = + nn nn nn nn nn nn nn nn nn nee 
1 8) | | | RET ¢t JMP 1 EN | | ORL Pps#data | ' MOv ! mov ! ANL ! ORL il 
! ! | } 1 1 page 4! SI bo: 1 | 0 } 4 | 2 i | A,Dx |! Dx,A | Dx,A | Dx,A i 
| ------------------------------------ --- + - nn nn nn nn nn nn nn nn nn en nn nnn nn nnn ne nn nn nn een eee | 
19) 1} JB4 t RETR! CALL 1 DIS | JNZ | CLR C 1 ANL Ppstdata | | MOV Sns#data 
| | addr | ! page 4! SI | addr | | 0 1 4 2 0 | 1 | 2 
| ----~---------------------------------------~--- --- + = - = 5 5 nn nn nn nn nn nn nn nn nn nn nn nnn nn enn ene 
1 A | MOV @RrsA 1 MOVP | JMP | SEL I 1 CPL C 1 MOV RrsA 
0 1 | As@A 1 page 5| MBZ |} i 8) | 4 | 2 3 4 i 5 1 6 | 7 4 
| -~---------------------~------------------------~-----~------------------ -------------------------------- ~~ +--+ + -- = - = = = + 
1 B t MOV ORr:#data | JBS | JMPP | CALL | SEL 1. 1 1 MOV Rrs#data 
| 0 | 4 | addr | @A | page 51 MBS |} | | 0 | 4 | 2 | 3 | 4 | 5 | & | 7 
| ~----~-----------~------------------~------ woe + en ee ne nnn nn nn en ne eee | 
! C | DEC @Rr i 1 JMP | SEL f JZ 1 MOV 1° DEC Rr | 
<= 0 1 ! 1 ! page 5! RBO |! addr | AsPSW | 0 1 4 2 | 3 4 ! 5 | 6 | 7 
< bees SSS eee Sa See See See eae re a Seo SSS Se SSeS See ee ee eS aS ee eS Se rar Ser Se eee eS SS Se Se SSeS eee I 
@ 1 D1 XRL AsaRr |} JB& | XRL | CALL | SEL 1 1 MOV | XRL AsRr i 
3 j 0 | 4 | addr |As#datal page 61 RB1 | 1 PSWsA | 0 1 4 | 2 1 3 i 4 | 5 | 6 | 7 i 0 
© | ------~---~---- + -- - - - - - en nn nn nn en nn nn nnn nn nn nn nn nnn nn nn en ene nnn nnn 
a 1 € | DJNZ @Rrsaddr | i | JMP | SEL | JNC fF RL AT! DJNZ Res addr ©) 
© i i 0 4 1 i 1 page 7! MBO 1 adar } 1 0 | 1 1 2 3 ! 4 | 5 | & l 7 1 “Tl 
ra) Laat te Sone Sen eee See oa ene See ae ee a eee eS ee en Roe ee en Pe et ane ee Oem ee a eee aaron Ser yee eee | © 
ron) 1 F | MOV As@Rr i JB7 1 1 CALL | SEL | JC | RLC At MOV AsRr | N 
i 0 4 ! addr ! i page 7! MB1 ! aadr |! | 0 | 4 2 | 3 | 4 5 | & | 7 -— 
jSSsesescrersssesssSsSSaSseessce esses SsSsseeee ese sss seeseesa assesses raSssessSesSsSeesesseeasSeaessesesSseas2asSeseeSsesesssssate=SaaSssasssscsaa=s | 
©Oo 
O1 


£60 


86p 
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INSTRUCTION SET (continued) — 
Table 7 Instruction set — - 


mnemonic opcode bytes/ description function notes | | 
 (hex.) cycles 


‘ADD A, Rr . Add register contents to A (A)<(A) + (Rr) 


ADD A, @Rr Add RAM data, addressed by Rr, toA (A)<(A) + ((RO)) 
7 ; 7 (A)<(A) + ((R1)) 


Add immediate data to A (A)<(A) + data 


S807840d 


a 
O°. 
<.. 
@. 
3. 
7) 
oo 
=. 
co 
co 
o 


60 
61 
03 data 


ADD A, #data 


ADDC A, Rr. 7* Add carry and register contents to A (A)<(A) + (Rr) + (C) 

ADDC A, @Rr 70 Add carry and RAM data, addressed (A)<(A) + ((RO)) + (C) 
| | 71 by Rr, toA (A)<(A) + ((R1)) + (C) 

ADDC A, #data | 13 data Add carry and immediate data to A (A)<(A) + data + (C) 


‘AND’ Rr with A (A)<(A) AND (Rr) 


‘AND’ RAM data, addressed by Rr, with A_ | (A)<-(A) AND ((RO)) 
7 (A)<(A) AND ((R1)) 


‘AND’ immediate data with A (A)<(A) AND data 
‘OR’ Rr with A . (A)<-(A) OR (Rr) 


‘OR’ RAM data, addressed by Rr, with A (A)<(A) OR ((RO)) 
(A)<(A) OR ((R1)) 


‘OR’ immediate data with A (A)<(A) OR data 
‘XOR’ Rr with A (A)<(A) XOR (Rr) 


5* 
50 

51 

53 data 
4* 

40 
a1 

43 data 
D* 


ANL A, Rr 
ANL A, @Rr 


ANL A, #data 
ORLA, Rr 
ORL A, @Rr 


~ACCUMULATOR 


‘ORL A, #data 
XRL.A, Rr 


_ |XRLA,@Rr ‘| DO ‘XOR’ RAM, addressed by Rr, with A (A)<(A) XOR ((RO)) 
ee D1 (A)<(A) XOR ((R1)) 
. |XRLA,#data | D3 data ‘XOR’ immediate data with A (A)<(A) XOR data 
INCA 17 increment A by 1 | (A)(A) +1 


DECA 07 decrement A by 1 . (A)+(A) —1 


CLRA 27 clear A to zero (A)<0 
CPLA 37 one’s complement A (A)<NOT(A) 
RLA E7 rotate A left (An + 1)<(An) 


(Ag)<(A7) 


9861 Jaquianoyy 


661 


ACCUMULATOR (cont.) 


72) 
Lu 
> 
eo) 
= 
< 
LK 
< 
Q 


MOV A, Rr 


MOV A, @Rr FO 


F1 


MOV A, #data 23 data 


MOV Rr, A 
MOV @Rr, A 


MOV Rr, #data 
MOV @Rr, #data 


XCH A, Rr 
XCH A, @Rr 


XCHD A, @Rr 


MOV A, PSW 
MOV PSW, A 
MOVP A, @A 


DEVELOPMENT DATA 


rotate A left through carry 
rotate A right 
rotate A right through carry 


decimal adjust A 
swap nibbles of A 


move register contents to A 
move RAM data, addressed by Rr, to A 


move immediate data to A 
move accumulator contents to register 


move accumulator contents to RAM 
location addressed by Rr 


move immediate data to Rr 


move immediate data to RAM location 
addressed by Rr 


exchange accumulator contents with Rr 


exchange accumulator contents with 
RAM data addressed by Rr 


exchange lower nibbles of A and RAM 
data addressed by Rr : 


move PSW contents to accumulator 
move accumulator bit 3 to PSW3 © 
move indirectly addressed data in 
current page to A. 

clear carry bit 

complement carry bit 


(An + 1)"An 
(Ag)<(C), (C)<(A7) 
(An)<(An + 1) 
(A7)<(Ag) 


(An)<(An + 1) 
(A7)<(C), (C)<(Ag) 


(Ag_7)<(Ag_3) 
(A)<—(Rr) 


(A)<((RO)) 
(A)<((R1)) 


(A)<data 
(Rr)<{A) 


((RO))<(A) 
((R1))(A) 


(Rr)<data 


((RO))<data 
((R1))<data 


(A)<(Rr) 
(A)<((RO)) 
(A)@((R1)) 
(Agp_3)<((RO9_3)) 
(Ag_3)((R1g_3)) 
(A)<-(PSW) 
(PSW3)<(A3) 


(PCo_7)<(A), (A)<((PC)) 


(C)<O 
(C)<NOT(C) 


” 
= 
2 
. 
} 
z, 
ao) 
i 
S. 
par’ 
3. 
?] 
bom | 
o 
iv] 
.°] 
= 
o> 
= 
o 
o 
= 
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00S 
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9° 
< 
® 
3 
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INSTRUCTION SET (continued) 


mnemonic opcode 
| (hex.) 
INC Rr 1* 
oc 
wt | INC @Rr 10 
ood 
5p 11 
‘| | DEC Rr cr 
= | DEC @Rr CO 
C1 
JMP addr @ 4 address 
JMPP @A B3 
DJNZ Rr, addr E* address 
DJNZ @Rr, addr | EO address 
E1 address © 
xr 
© |JBb addr 4 2 address 
> : 
| = JC addr F6 address 
mc i JNC addr E6 address 
JZ addr C6 address 
JNZ addr 96 address 
JTO addr 36 address 
JNTO addr 26 address 
— 1JT1 addr 56 address 
| JNT1 addr 46 address 
. |JTF addr 16 address 
JNTF addr 


O06 address 


1/1 
1/1 


2/2 


1/2 
2/2 


2/2 


2/2 
2/2 
2/2 
2/2 


| 2/2 


2/2 
2/2 
2/2 
2/2 
2/2 
2/2 


bytes/ | description 
7 cycles 


increment register by 1 


increment RAM data, addressed by Rr, by 1 


decrement register by 1 


decrement RAM data, addressed by Rr, by 1 


unconditional jump within a 2 K bank 


indirect jump within a page 


decrement Rr by 1 and jump if not 
zero to addr 


decrement RAM data, addressed by Rr 
by 1 and jump if not zero to addr 


jump to addr if Acc. bit b = 1 
jump to addr if C = 1 

jump to addr if C=0 

jump to addr if A=0 

jump to addr if A is NOT zero 
jump to addr if TO = 1 

jump to addr if TO=0 

jump to addr if T1 = 1 

jump to addr if T1 =O 

jump to addr if Timer Flag = 1 
jump to addr if Timer Flag = 0 


function 


(Rr)<(Rr) + 1 


((RO))<-((RO)) + 1 
((R1)}<((R1)) + 1 


(Rr)<(Rr) —1 


((RO))<((RO)) — 1 
((R1))<((R1)) —1 


(PCg_49)<-addrg_19 
(PCo_7)<addrg_7 
(PC44_12)<-MBFF 0-1 
(PCo_7)<((A)) 

(Rr)<(Rr) —1 

if (Rr) not zero (PCo_7)<addr 


((RO))<((RO)) —1 
if ((RO)) not zero (PCo_7)«-addr 


((R1))<((R1)) —1 
if ((R1)) not zero (PCo_7)<addr 


ifb=1 
ifC=1 : (PCg_7)<addr 
if C=O : (PCg_7)<addr 
if A=O0 : (PCo_7)<addr 
if A#O : (PCo_7)<addr 
if TO =1: (PCg_7)<addr 
if TO = 0: (PCo_7)<-addr 


r= 0—7 


|if T1 = 1: (PCg_7)<addr 


if T1 =0: (PCg_7)<addr 
if TF = 1: (PCo_7)<addr 
if TF =O: (PCg_7)<-addr 


notes 


—) 
© 
“1 
0.6) 
rs 
©) 
00 
O1 


: (PCo_7)<-addr b =Q-7 


OS6L ASGLWBAON 


LOS 


CONTROL | TIMER/EVENT COUNTER 


SUBROUTINE 


[MOV A, T. 


MOV T,A 


STRT CNT 
STRT T 
STOP TCNT 
EN TCNTI 
DIS TCNTI 


EN I 


DIS | 
SEL RBO 
SEL RB1 
SEL MBO 
SEL MB1 
SEL MB2 
SEL MB3 
STOP 
IDLE 


CALL addr 


42 1/1 
62 1/1 
45 1/1 
55 1/1 
65 1/1 
25 1/1 
35 1/1 
05 MA 
15 14/1 
C5 4/1 
D5 1/1 
E5 1/1 
F5 1/1 
A5 1/1 
B5 1/1 
22 1/1 
01 1/1 


H4address | 2/2 


1/2 


DEVELOPMENT DATA 


move timer/event counter contents to (A)<(T) 


accumulator 


move accumulator contents to (T)<(A) 


timer/event counter 

start event counter 

start timer 

stop timer/event counter 

enable timer/event counter interrupt 


disable timer/event counter interrupt 


enable external interrupt 
disable external interrupt 
select register bank 0 

select register bank 1 

select program memory bank 0 (MBFFO)<O, (MBFF1)<O 
(MBFFO)<1, (MBFF1)<O 
(MBFFO)<0O, (MBFF1)<1 
(MBFFQ)<1, (MBFF1)<1 


select program memory bank 1 
select program memory bank 2 
select program memory bank 3 


jenter [DLE mode 


i 


enter STOP mode 


jump to subroutine ((SP))<(PC), (PSWq4 6 7) 6 6 
(SP)<(SP) + 1 
(PCg__49)<addrg__349 
(PCo_7)<addro_—7 
(PC44_42)<-MBFF 0-1 


return from subroutine (SP)<(SP) —1 6 
(PC)<((SP)) 
return from interrupt and restore (SP)<(SP) —1 6 


bits 4, 6, 7 of PSW (PSW4 6, 7) + (PC)<((SP)) 


(RBS)<O 5 
(RBS)<1 5 


~” 
= 
2 
2 
} 
= 
cS 
od 
Sc. 
o> 
3. 
° 
= 
° 
° 
fe) 
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ot 
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INSTRUCTION SET (continued) | | 5 
2 mnemonic opcode bytes/ ‘description | function notes A 
2 (hex.) cycles rs 
S IN A, Pp | 08 1/2 input port p data to accumulator (A)<-(PO) = 
= 5 09 (A)<(P1) 
gs = OA (A)<-(P2) 
- 5 OUTL Pp, A 38 1/2 output accumulator data to port p (PQO)<(A) 
39 (P1)<(A) 
x | 3A (P2)<(A) 
ra ANL Pp, #data 98 data 2/2 AND port p data with immediate data (PO0)<(PO) AND data 
Tf 99 data (P1)<(P1) AND data 
ar 9A data (P2)<-(P2) AND data 
x | ORL Pp, #data | 88 data | 2/2 OR port p data with immediate data (PO)<(PO) OR data 
< 89 data (P1)<(P1) OR data 
8A data (P2)<(P2) OR data 
MOV A, Dx 8C 00 2/2 input pin data of port DPO, (A)<(DO) 8 
= 8C 01 2/2 DP1 to accumulator (A)<-(D2) | 
ra 
= 
ras MOV Dx,A 8D 02 2/2 move contents of accumulator to (D2)<(A) 
= 8D 03 2/2 latch of port DPO, DP1 (D3)<(A) 
> 
2 ANL Dx, A 8E 02 2/2 AND contents of DPO, DP1 latch (D2)<(D2) AND (A) 
Lu 8E 03 2/2 with accumulator (D3)<(D2) AND (A) 
> 
& | ORL Dx, A 8F 02 | 2/2 OR contents of DPO, DP1 latch (D2)<(D2) OR (A) 
= 8F 03 2/2 | with accumulator (D3)<(D3) OR (A) 
cc 
Lu 
Q | MOV A, Dx 8C 02 2/2 move contents of DPO, DP1 latch (A)<(D2) 


| 8C 03 2/2 to accumulator (A)<(D3) 8 


DEVELOPMENT DATA 


4) 
5 
mnemonic opcode bytes/ | description function notes > 
(hex.) cycles 5. 
a) 
_ | MOV A, Sp Oc move serial I/O register contents to (A)<(SO) = 
|2 OD accumulator (A)<(S1) = 
S MOV S,,A 3C move accumulator contents to serial (SO)<(A) = 
fe) | 3D |/O register (S1)<(A) 9 
= 3E (S2)<(A) S 
o> 
S| MOV S,, #data | 9C data move immediate data to serial (SO)<data 3 
= 9D data 1/O register (S1)<data 2 
< 9E data (S2)<-data 
iy | EN SI 85 enable serial {/O interrupt 
Te) 


|DISSI disable serial 1/O interrupt 


[i CO cree ar asi 


Notes to Table 8 


1. PSW CY, AC affected 5. PSW RBS affected 

2. PSW CY affected 6. PSW SPo, SP1,SP2 affected 

3 PSWPS affected 7. (A) = 0000 P23 111 

4. Execution of JTF and JNTF instructions resets the Timer Flag (TF). 8. The MSB of A becomes a logic 1 

* -89ABCDEF 9. (S1) has a different function inread and write operations, see 
e : 924 68 ACE serial 1/O interface. 

4 :1,3,5,7,9,B,D,F 


—Q86L 4equianoN =| 


v 
©) 
TT 
oe) 
aos 
©) 
00 
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£0S 


PCF84C85 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 40) Vpp —0,8 to +8 V 
All input voltages VI —0,8 to Vpp +0,8 V 
D.C. current into any input or output +1;,+lQ max. 10 mA 


Total power dissipation (see note) 
Power dissipation per output 


except P23, SCLK Po max. 50 mW 

P23, SCLK Po max. 180 mW 
Storage temperature range | Tstg —65 to +150 OC 
Operating ambient temperature range Tamb —40 to +85 9C 
Operating junction temperature Tj max. 125 OC 
HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS devices’). 
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Single-chip 8-bit microcontroller PC F84C85 


D.C. CHARACTERISTICS 
VDD = 2,5 to 5,5 V; Vss = 0 V; Tamb = —40 to + 85 OC; all voltages with respect to Vss; unless 


otherwise specified. 


Supply voltage 


operating (see Fig. 27) VDD 


Supply current 
operating (see Fig. 28) 


at Vpp = 5 V; fx TAL = 6 MHz IDD 

at Vpp =3 V; fx TAL = 3,58 MHz IDD 
IDLE mode (see Fig. 30) 

at Vpp =5 V; fx TAL = 6 MHz IDD 

at Vpp =3 V; fx TAL. = 3,58 MHz IDD 
STOP mode (see Fig. 35 and note 1) 

at Vpp = 2,5 V; Tamb = 25 OC IDD 


at Vpp = 2,5 V; Tamb = 85 OC 


RESET 1/0 


Input leakage current 
as Vss < Vi <Vpp 


= Switching level VRESET 
= Sink current 

= at VDD > VRESET 

Lu 

= Inputs 

° Input voltage LOW VIL 

> Input voltage HIGH VIH 

aa) 


Outputs 
Output voltage LOW 

at Vi = Vss or Vpp; Ilol<14A VOL 
Output sink current LOW 

at Vpp =5 V + 10%; V9 = 0,4 V 


except P23/SDA, SCLK (see Fig. 31) lOL 

P23/SDA, SCLK (see Fig. 32) IOL 
Pull-up output source current HIGH (see Fig. 33) 

at Vpp =5 V + 10%; Vo =0,7Vpp | —lOH 

at Vpp =5 V +t 10%; Vo = Vss —lIOH 


Push-pull output source current HIGH 
at Vpp =5 V + 10%; Vo = Vpp—0,4 V 


Note 1 


Crystal connected between XTAL1 and XTA L2;SCL and SDA pulled to Vpp via 5,6 kQ resistor; 
T1 at Vss, INT at Vpp. 
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PCF84C85 


A.C. CHARACTERISTICS (continued) 


oS a 
a ee ees 


(1) clock frequency = 100 kHz 
(2) clock frequency = 1MHz 
(3) clock frequency = 3MHz 
(4) clock frequency = 10 MHz 


Fig. 27 Maximum clock frequency (fx TAL) 
as a function of the supply voltage (Vpp). 


7Z20154 


(1) clock frequency = 10MHz 
(2) clock frequency= 6MHz 
(3) clock frequency = 3,58 MHz 


Fig. 29 Maximum supply current (Ipp) in 
IDLE mode as a function of the supply 
voltage (Vpp). 
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(1) clock frequency = 10 MHz 
(2) clock frequency = 6 MHz 
(3) clock frequency = 3,58 MHz | 


Fig. 28 Maximum supply current (Ipp) 
in operating mode as a function of the 
supply voltage. 
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(1) Vpp=3V 
(2) Vpp=5V > 


Fig. 30 Typical supply current during 
IDLE mode as a function of frequency. 


Single-chip 8-bit microcontroller PCF 84C85 


7297326 7297327 


Fig. 31 Output sink current LOW (IQ; ), Fig. 32 Output current LOW (Io_), 
except outputs P23/SDA and SCLK, as a outputs P23/SDA and SCLK, as a function 
function of supply voltage (Vpp); Vo = 0,4 V. of supply voltage (Vpp); Vo = 0,4 V. 


328 2000 4220158 
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DEVELOPMENT DATA 


800 


(1) Vo=Vss (1) Vpp =3V 

(2) VQ =0,7 Vpp (2) Vpp =5 V 

Fig. 33 Output source current HIGH (—IOH) Fig. 34 Typical supply current during 

as a function of supply voltage (Vpp). operating mode as a function of frequency. 
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PCF84C85 


A.C. CHARACTERISTICS (continued) 

Table 8 Input timing shown in figure 36. 
7297325 | 
timing 

tBUF 

tHD; STA 

tHIGH 

tLOW 

tsu;STO 

tHD;DAT 

tsU;DAT 

tRD 

tRc 

tFp 

tFC 


NKKAWVVVWV WV VW 
BES 


(1) Tamb = 85 oc 


(2) Tamb = 25 OC Notes to Table 8 

Fig. 35 Typical supply current (Ipp) tXTAL = one period of the XTAL input frequency (fy Taj, ) 
in STOP mode as a function of the supply = 167 ns for fy tat = 6 MHz. 

voltage (Vpp). These figures apply to all modes. 


mt 07Vp5 
SCLK D 
0,3 Vop 

0,7 V 
P23 DD 
} 0,3 Vpp 

«tBuF pe! |e a} ij<«— = —el bk —> tsu;STO <——— 
tRC tHD:DAT tSU:DAT tEC 
—>ItHD STAM el le | ol ee 

tRD teED 7Z87806 


Fig. 36 PCF84C85 timing requirements for the P23 and SCLK /nput signals. 


Purchase of Philips’ 1*C components conveys a license under the 
Philips’ [2C patent to use the components in the |*C-system 
provided the system conforms to the |*C specifications defined 
by Philips. 
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Single-chip 8-bit microcontroller PCF84C85 


SCLK ~ 8 Yop 
VOL max 
P23 acknowledge bit ieee 18) 
VOL max 
—>| tTHD;STA 
tHD:DAT tSU:DAT. 7287807 
Fig. 37 PCF84C85 timing requirements for the P23 and SCLK output signals. 
Table 9 Output timing shown in Figure 37 
timing | 
symbol normal mode low-speed mode 
(ASC in S2 = 0) | (ASC in S2 = 1) 
= tHD: STA % (DF + 9) tx TAL % (DF +9) tyTAL 
a tHIGH (DF) = tx TAL (DF) = tXxTAL 
Ee tLow (DF) = txTAL “%(DF) — txXTAL 
ul tsu; STO 2 (DF —3) tx TAL % (DF — 3) tx TAL 
= tHD; DAT 
° (slave transmitter 
w any DF > OtxTAL > OtXTAL 
tu S 12tXTAL S 12tXTAL 
tHD: DAT 
(master transmitter) 
for DF <51 = OYKXTAL ae 
S12txXTAL = 
for DF <99 ~ > OXTAL 
= S 12txTAL 
tsuU; DAT 
(master transmitter) 
for DF > 51 = 1Stx TAL ~ 
S 24tXTAL s 
for DF > 99 _ = 15tx TAL 
tac > IXTAL > StXTAL 
<12tx TAL < 12tXTAL 
tFp,tFc < 100 ns < 100 ns 
at Ch = 400 pF at Ch = 400 pF 


Notes to Table 9 


tXTAL =one period of the XTAL input frequency (fx TAL) 
= 167 ns for fx TAL = 6 MHz. 

DF = divisor (see Table 2 Serial |/O section). 

Ch = the maximum bus capacitance for each line. 
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SINGLE-CHIP 8-BIT MICROCONTROLLERS 
(bipolar) 


Standard ProduetS ie 5 ee eee eed deo a oneeesSiacswaevkwes 513 
Product support.........0000 eee ee eees Pee ee ee ee err ee 707 
SoOrtware SUDPOFre <5 ail esto d hae See ee een tia ad 763 


Special purpose circuits 


511 


STANDARD PRODUCTS 


BGO ise si eGo HG oe os oe OWE aN RITA ee ae 515 
De SO naa Boe te Fetch ke are ae ee ah ACR ee ae 535 
an is rele tn eae ted a) at aatmohet Se nh eee eat Sy ar atk ate ee ee 557 
A sinks dee erie Sie ie at aise ae Seca aoa te wk see Sas fa hah tas pcre SRN ay Rica 569 
FO ie ee ea ease SE Se EE a A oe ee 577 
52 0 Lo | | Ran eee aes em SE a oe Pe Re ey ee eee eee 593 
2), GC) 6 na ae een aS a aS ne we ee ee ee 597 
BX S90 55 Hine has Away eee Gee Lee eee VAR oe ew 605 
SSO onside sts ee a een A pee 613 
Ca ee eae ee es a Re: Ge ea aan oe cath a dn dt ey haga tama dee, Steers 615 
SXS72/8XS 1G ic and Se eRe AS aR eee OO A RE eos 623 
NS 1a islet eit Wb ec Sa ts Baek aoe heads ta acta car ene sat 633 
SB oo ets dees cr ct aires aa ace aa tases an aha anual so Be ate are ea ee 643 
BAN ig hed ser Rico tare ie Sana SR A Ske SEE EE RET eee ee 653 
OMA ino Se i a oe ine aki AO kde Ree a OS 673 
BXATO tibet eo Sad Beka ee Ga ea ola tue eas 681 
Be Fe ecrot'e soar 8 Ae eas tin ere ok ae antes eeanaate acaice ook anarh ote nuieea ate Gas 695 
BVS2/ Ol SO ies cc eRe eo we eth 2 nae apie ee a ae a eee EER 699 


MICROCONTROLLER 


FEATURES 

® Fetch, Decode, and Execute a 16-bit instruction in a 
minimum of 250-nanoseconds (one machine cycle) 

® Bit-oriented instruction set (addressable single-or- 

multiple bit subfields) 

Senarate address, instruction, and |/O buses 

Source/ destination architecture 

On-Chip oscillator and timing generation 

Eight 8-bit working registers 

TTL inputs and outputs 

BiPolar Low-Power Schottky technology 

3-State |/O bus 

Single +5V supply 


ARCHITECTURAL OVERVIEW 

The Signetics 8X300 Microcontroller (Figure 1) is a high- 
speed bipolar microprocessor implemented with low-power 
Schottky technology. The 8X300 brings together all the 
qualities needed—-SPEED, FLEXIBILITY, and ECONOMY — 
for systems design in the many areas that require reliable bit 
stream management. Consider!—-5V operation, TTL bus 
compatibility, and an on-chip clock—the result, a system 
with fewer parts. Consider! —the inherent power of LSI logic 
(programmable Rotate, Mask, Shift, and Merge functions in 
the data-processing path) and the ability to Fetch, Decode, 
and Execute a 16-bit instruction in a minimum of 250- 
nanoseconds—the resuit, a system with superior bit 
handling capabilities. Consider!—the 250ns cycle time in 
conjunction with extended microcode—the result, the flexi- 
bility of bit-slice devices with the programming ease of MOS 
microprocessors. Now, consider the results!-—-a device tai- 
lored to bit-stream management in the areas of Industrial 
Control, Input/Output Control, and Data Communications. 
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The 8X300 uses three separate buses—one for 13-bit in- 
struction addresses, one for 16-bit instructions, and a 
bidirectional 8-bit input/output data bus; except for the 1/O 
bus, there are no time multiplexing of functions. 
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PIN CONFIGURATION 


| PACKAGE 


8X300 
MICROCONTROLLER 


TOP VIEW 


ORDER NUMBERS 


N8X300I, S8X300-1, S8X300-2 
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R1 — General Working Register OVF — The Least-Significant Bit of This Register PROGRAM COUNTER (PC) 


R2 — General Working Register is Used to Refiect Overflow Status Resulting — Normally Contains the Address of 
R3  — General Working Register From the Most Recent ADD Operation the Current Instruction and is incremented 
R&4 — General Working Register to Obtain the Next Instruction Address. 
RS — General Working Register 
R6 — General Working Register 
R11 — Genera! Working Register 
AUX — Generai Working Register INSTRUCTION REGISTER (IR) ADORESS REGISTER (AR) 
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Figure 1. 


CPU Architecture and PIN Designations For 8X300 Microcontroller 


Microcontroller 8X300 


SERIES-PASS 
TRANSISTOR 


RAM 
DATA 
STORAGE 
(128 X 8) 


+ LEFT BANK 


USER 
CONTROLLED 
INPUTS 1-OF- 128 


| ao 


1/0 PORTS 


‘Loy 


PROGRAM 
STORAGE 
(READ-ONLY 
MEMORY)—-8K X 16 
ROM/PROM 
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1-OF-12 
i/0 PORTS 


L RIGHT BANK 


NOTE . Lapel 
Up to 256 bytes can be directly interfaced ; STORAGE 
to each bank. With decoders and some a (128 x 8) 
external logic, the |/O complement can 


be expanded to the point of critical timing. 


Program Address Lines: These outputs permit direct addressing of up to 8192 words of program 
storage. A high voltage levei equals a binary “1”; A12 is Least Significant Bit. 


Instruction Lines: These input lines receive 16-bit instructions from program storage. A high voltage 
level equals a binary “1”; 115 is Least Significant Bit. 


Input/Output Bus: These bidirectiona! three-state lines communicate with up to 5 12 1/O devices (256 
per bank). A low voltage level equals a binary “1”; IV7 is Least Significant Bit. 


Connections for a capacitor, a series-resonant crystal, or an external clock source with complemen- 
tary outputs. For precise frequency control, a crystal or external source is required. 


Select Command: When signal is high (binary 1), an address is being output on pins IV@-IV7 of I/O 
bus. 


When the LB signal is low (binary @), any one of up-to-256 I/O devices (or memory locations) in the left 
bank can be accessed. When the address of a particular device (or memory location) matches the 
address on the IV bus, that particular device (or memory location) is enabled and selected for 
input/output operations. All addresses on the left bank that do not match are deselected. 


When the RB signal is low (binary @), any one of up-to-256 1/O devices (or memory locations) in the 
right bank can be accessed. When the address of a particular device (or memory location) matches 
the address on the !/O bus, that particular device (or memory location) is enabied and selected for 
input/output operations. All addresses on the right bank that do not match are deselected. 


When reset input is low (binary @), the microcontroller is initialized— sets Program Counter / Address 
to zero and inhibits MCLK output. 


When halt input is low (binary @), internal operation of microcontroller stops at the start of next 
instruction. The stop function does not inhibit MCLK or affect any internal registers. 


Figure 2. Typical 8X300 System with Pin Definitions 
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TYPICAL 8X300 SYSTEM HOOKUP 

Although the system hookup shown in Figure 2 is of the 
simplest form, it provides a fundamental look at the 8X300 
microcontroller and peripheral relationships. As indicated, 
program storage can be either ROM or PROM and, by using 
various addressing-methods/decoding-schemes, memory 
paging techniques can be easily implemented. Also, by 
proper bit assignment, some external! interface logic and, 
under software control, the program memory can be used as 
a storage device for interrupt-service subroutines. The user 
interface (IV@ through IV7) is capable of addressing 256 
input/Output ports and, with the additional bank-select bit 
(LB and RB), the number of addressable 1/O ports is 512— 
the left bank and right bank each consisting of 256 ports. 
The |/O ports of each bank can be used in a variety of ways; 
one of these ways is shown in Figure 2. When LB is active 
low, the left bank can be enabled and, providing there is an 
address match, anyone of 128 1/O ports or anyone of 128 
locations within the RAM memory can be accessed for 
input/output operations. When RB is active low, the same 
set of conditions are applicable to the right bank. With some 
sacrifice in speed, any given!/O port can be interfaced to a 
memory peripheral or other 1/O device of the user. 


PROGRAM STORAGE INTERFACE 

As shown in Figure 2, program storage is connected to 
output address lines AO through A12 (A12 = LSB) and input 
instruction lines 10 through 115. An address output on 
AQ/A12 identifies one 16-bit instruction word in program 
storage. The instruction word is subsequently input on 
10/115 and defines the microcontroller operations which are 
to follow. 


The Signetics 825115 PROM or any TTL-compatible mem- 
ory can be used for program storage. (Note. The worst-case 
access time depends upon the instruction cycle time, and 
also, the overall system configuration.) 


i/O INTERFACE AND CONTROL 

An 8-bit 1/O data bus is used by the microcontroller to com- 
municate with two fields of |/O devices. The complementary 
LB and RB signals identify which field of the 1/O devices is 
enabled. 


Both data and address information are output on the 1/O 
bus. The SC (Select Command) and WC (Write Command) 
signals distinguish between data and address information 
as follows: 


FUNCTION 


i1/O address is being output on the 
1/O (IV) bus 

i/O data is being output on the 1/O 
(IV) bus 

input data expected from selected 
1/0 device 

invalid (not generated by 8X300) 


High 


DATA PROCESSING 
From a data processing point of view, the 8X300 
microcontroller chip (Figure 1) contains eight 8-bit working 
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registers (Ri through R6, R11, AUXiliary), an arithmetic 
logic unit (ALU), an overflow register (OVF), rotate/shift/ 
mask/merge logic, and a bidirectional 8-bit 1/O bus. Internal 
8-bit data paths connect the registers and I/O bus to the 
ALU inputs, and the ALU output to the registers and 1/O bus. 
inputs to the ALU are preceded by the data-rotate and data- 
mask logic and the ALU output is followed by the shift and 
merge logic. Any one or all of the logic functions can operate 
on 8-bits of data in a single instruction cycle. Data from the 
source register can be right-rotated (end around) before 
processing by the ALU; external data (I/O bus) can also be 
masked to isolate a portion of the 8-bit field. Since the ALU 
always processes &-bits of data, bit positions not specified 
by the mask operation are filled with zeroes. 


When less than 8-bits of data are specified as output to the 
i/O bus from the ALU, the data field (shifted and masked, as 
required) is merged with prior contents of the 1/O latches to 
form the output data. Bit positions of the |/O data not 
affected by the logic operations are not modified. Depend- 
ing upon whether an 1/O peripheral or an internal register 
is specified in the instruction as the source of data, the 
1/© latches contain, respectively, |1/O-bus source data or 
destination data. For instance, when an internal register is 
specified as a source of data and an1/O peripheral as the 
destination, data from the peripheral is read into the I/O 
latches at the start of the instruction cycle; processed data 
is then merged with contents of the !/O latches to form the 
1/O output data at the end of the instruction cycle. When an 
i/O peripheral is specified as both data source and destina- 
tion, data from the source is used both as the input to the 
1/O latches and as data to be processed; the processed 
data is then merged with data from the |/0O latches to form 
the previously-described |/O bus output. If the data source 
and destination are on opposite banks of the 8X300 bus, the 
destination data is written with a full 8-bits, since the prior 
contents were not stored in the 1/O latches. 


INSTRUCTION CYCLE 

Each microcontroller operation is executed in a single in- 
struction cycle. The instruction cycle is divided into quarters 
with each quarter cycle being as short as 62.5- 
nanoseconds. Figure 3 shows the general functions that 
occur during each quarter cycle; specifics regarding 
minimum /maximum timing and other critical values are de- 
scribed under “Design Parameters” in this data sheet. Dur- 
ing the first quarter cycle, a new instruction from program 
storage is input on signal lines 10 through i15; simulta- 
neously, new data is fetched via the input/output bus (IVO 
through IV7). At the end of the first quarter cycle, the new 
instruction is latched in the instruction register and the new 
1/O data is present at the input of the chip but is not, as yet, 
latched by the IV latches. 


in the second quarter cycle, the 1/O data stabilizes and 
preliminary processing is completed; at the end of this quar- 
ter, the IV latches are closed and final processing can be 
accomplished. During the third quarter cycle, the address 
for the next instruction is output to the 1/O (IV) bus, control 
signals are generated, and |1/O data is setup for the output 
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phase. During the fourth quarter cycle, a master clock signal 
(MCLK) generated by the 8X300 is used to latch valid ad- 
dress or data into peripheral devices connected to the IV 
bus; MCLK is also used to synchronize any external logic 
with timing circuits of the 8X300. To summarize the action, 
the first half of the instruction cycle deals primarily with input 
functions and the second haif is mostly concerned with 
output functions. 
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1ST QUARTER 2ND QUARTER 3RD QUARTER 4TH QUARTER 
(62.5 ns) 


INPUT INSTRUCTION & 
FETCH NEW DATA 


LATCH & PROCESS 
INPUT DATA 


NEXT INSTRUCTION 
ADDRESS, GENERATE 
CONTROL SIGNALS, 


AND SETUP 1/0 
| DATA FOR OUTPUT | MCLK — ACTIVE STATE | 


1/O ADORESS OR 
t/O DATA VALID 


NOTES 
. New instruction must be accepted and latched at end of first quarter cycle. 
. The 1/O data latches are open for the first two quarter cycles, that is, for 125- 
nanoseconds. 
. The address is output during third quarter cycle. 
. 1/0 bus drivers are active (turned on) during third and fourth quarter cycles. 


Figure 3. Instruction Cycle and MCLK with: Crystal = 8MHz 
and Cycle Time = 250 ns 


INSTRUCTION SET 

General Format and Basic Operations 

The 16-bit instruction word (lO through 15) from program 
storage is input to the instruction register (Figure 1) and is 


Table 1. SUMMARY OF 8X300 INSTRUCTION SET 


STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE 
INSTRUC 1/0 CONT INPUT PHASE OUTPUT PHASE | 
CLASS | OPCODE FORMATS DESCRIPTION SIG (INSTRUCTION (ADDRESS & 
INPUT & DATA 1/0 BUS) 
PROCESSING) 


(S)~ D 


fercooe? se fe 


Valid values of “S": 203-37, 
Valid values of “OD”: 203-37, 


field. 


contents of internal source register by octal 


MOVE F 1: Register to Register 
Move content of internal register specified by 
Sie 28, oro Ie S-field to internal register specified by D-field. 
OPCODE s foes oli De) Prior to the “MOVE” operation, right-rotate 
invalid Vahiewot“sS™: value (0 through 7) defined by the R-field. 
07g, 17g, 20g-37g 
Invalid values of “D”: 
10g, 203-378 
F2: 1/0 Bus to Register Move right-rotated |/O bus (source) data 
specified by the S-field to internal register. 
3.4 5 6 7;8 9 10] 1112131415 | | soacitied by the D-field. The L-field specifies 
; OPCODE | 8 L D the ftength of source data starting from the 
; LSB-position and, if less than 8-bits, the re- 
Valid values of “S”: 20n-37 maining bits are filled with zeroes. 
aga: Beak 
Invalid values of “D": 10g, 20g-37g 
F2: Rogister to 1/0 Bus Move contents of internal register specified by 
1 the S-field to the !/O latches. Before 
peer ite ter Wa N9 outputting on 1/O bus, data is shifted as speci- 
OPCODE Ss oS Sar ae fied by the least significant octai digit of the D- 
field and the bits specified by the L-field are 
Invalid values of “S": 07g, 17g, 20g, 37g merged with the latched |/O data. 
Valid values of “D": 203-37, 
F2: 1/0 Bus to 1/0 Bus Move right rotated !/O-bus (source) data 
specified by the S-field to the I/O latches. Be- 
| 012 [3 4 6 6 7a 9 10[1112191418] | tore outputting on 1/0 bus, shift data as speci 
L 


fied by the D-field; then merge source and 
latched I/O data as specified by the L (length) 
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subsequently decoded to implement the events to occur 
during the current instruction cycle. The instruction word is 
formatted as follows: 

MSB LSB 


ae 


OPCODE OPERAND(S) 


Rather than discrete instructions, the three operation code 
(OP CODE) bits specify eight instruction classes. Each in- 
struction class is subject to a number of powerful variations; 
these variations are specified by the thirteen operand bits. 
General areas of control for the eight instruction classes 
are: . 

e Arithmetic and Logic Operations (ADD, AND, AND XOR) 
¢ Movement of Data and Constants (MOVE and XMIT) 

® Branch or Test (JMP, NZT, and XEC) 


BIT POSITIONS — 


Basic operations for each of the eight instruction classes 
are as follows; a summary of the instruction set is provided 
in Table 1. 


MOVE — data in source register or |1/O-bus input is moved to 
destination register or |/O-bus output. Data can be shifted 
any number of places and/or masked to any length. 


ADD —data in source register or |/O-but input is added to 
content of AUX (RO) register and the result is placed in the 
destination register or |/O-bus output. Data can be shifted 
and/or masked, as required. 


alls 2 
"ou oy a 


“S" = 203-27, 
Hif “S” = 303-37, 


alas 3 


L it "D" = 20g-27g 
H if “D" =30g-37, 


alals 3 


tot ya 
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Table 1. SUMMARY OF 8X300 INSTRUCTION SET (Continued) 


STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE 
INSTRUC 1/0 CONT INPUT PHASE OUTPUT PHASE — 
CLASS | OPCODE FORMATS DESCRIPTION SIG (INSTRUCTION (ADDRESS & 
INPUT & DATA 1/0 BUS) 
PROCESSING) 
Same as MOVE instruction class (S) plus (AUX) — D Same as MOVE instruction class 
Same as MOVE instruction class except that 
contents of AUX (RO) register are ADDed to ; 
the source data. if there is a “carry” from MSB, 
; then OVF (overflow) = 1, otherwise OVF = 0. 
Same as MOVE instruction class (S) A (AUX) > D Same as MOVE instruction class. 
Same as MOVE instruction class except that 
contents of AUX (RO) register are ANDed with 
al Same as MOVE instruction class 
XEC 
F3: Register Immediate 
| o12 {3 4 5 6 7/189 10 11 12 13 14 15 
invalid values of “S”: 
07g, 17g, 203-37 
Valid values of “J”: 
F4: 1/0 Bus Immediate . 
Valid values of “S": 203-37, 
Valid values of “J": 003-37, 
NZT 5 
zero, jump to current page address offset 
by value of J-fieid; otherwise, increment the 


source data. 
F3: Register immediate Program Counter. 
| : 


(S) @ (AUX) ~ D 
[o12 ]3 45 67] 89 10 11 12 13 14 15 If contents of internal register specified by S- 


Same as MOVE instruction class except that 

field is non-zero, transfer to address deter- 

gram Counter with “J”, otherwise, increment 
NOTES ° RB is complement of LB, X = Undefined 


Same as MOVE instruction class. 


Execute instruction at current page address 
offset by J (literal) + (S). Return to normal 
instruction flow unless a branch is encoun- 
tered. 


Execute instruction at an address determined 

by replacing the low-order 8-bits of the Pro- 

gram Counter with the following derived sum: 

® Value of literal (J-field) plus 

© Contents of internal register specified by S- 
field : 

The PC is not incremented and the overfiow 

status (OVF) is not changed. 


xrer 


L 
L 
L if "S" = 20g-27, 
Hit “S" = 303-37, 


Execute instruction at an address determined 

by replacing the low-order 

5-bits of Program Counter with the following 

derived sum: 

e §-bit value of literal (J-field) plus 

e Value of rotated source data specified by 
S-field (The L-field specifies the length of 
source data starting from the LSB-position 
and, if less than 8-bits, the remaining bits 
are filled with zeros; the Program Counter 
is not incremented and the overflow status 

(OVF) is not changed.) 


If data specified by the S-field is not equal to 


xxrr 


xrr 


contents of AUX (RO) register are exclusively 
mined by replacing the low-order 8-bits of Pro- 
: wen, 2 PC. 
Invalid vaiues of “S": 07g, 17g, 208-37, 


ORed with source data. 
Valid values of “J”: 0005-377, 


L 
L 
Lif ‘S” = 20g-27 
H if “S” = 309-375 


F4: 1/0 Bus immediate 


Pow [sss erpee wlnanne 
fercooe[ sf © ts | 


Valid values of “S": 203-378 
Valid values of “J”: 00g-37g 


if right-rotated I/O bus data is non-zero, trans- 
fer to address determined by replacing low- 
order 5-bits of Program Counter with “J”, oth- 
erwise. increment PC. (The L-field specifies 
the length of source !/O data starting from the 
LSB-position and, if less than 8-bits, the re- 
maining bits are filled with zeroes.) 


x<xxrr 


Transmit J > O 
Transmit and store 8-bit binary pattern in J- 
field to internal register specified by D-field. 


F3: Register Immediate 


| o12 {3 4 5 6 7/89 10'11 12 13 14 15 


Invalid vaiues of "D”: 10g, 203-378 
Valid values of “J”: 000g-377g 


H if D = 07g or 17g 
L 


HifD = 17, 
LifD = 07, 


L 
L ; 

Lit D = 20g-27, 
Hif Dd = 303-37, 


L 
H 

Lif 0 = 20g-27g 
His D = 309-37, 


F4: 1/0 Bus Immediate 


Pom [essere naan 
forcooe[ of 


Valid vaiues of “D": 209-37, 
Valid values of “J”: 003-37, 


Transmit binary pattern in J-field to 1/O bus. 
Before putting data on 1/O bus, shift literal 
value "J” as specified by the D-field and merge 
bits specified by the L-field with existing 1/O 
bus data. If the L-field specifies more than 5- 
bits starting from the LSB-position, all remain- 
ing bits are set to zero. 


F5: Address immediate 


| o12 [3456789 1011 12 13 14 15 


‘Valid values of A: 00000g- 17777, 


Jump to address in program storage specified 
by A-field; this address is loaded into the Ad- 
dress Register and the Program Counter. 
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AND—data in source register or |/O-bus input is ANDed 
with content of AUX (RO) register and the result is placediin 
the destination register or |/O-bus output. Data can pe 
shifted and/or masked, as required. 


XOR— data in source register or !/O-bus input is exclusively 
ORed with contents of AUX (RO) register and the result is 
placed in the destination register or |/O-bus output. Data 
can be shifted and/or masked, as required. 


XMIT—immediate data field of instruction word replaces 
data in destination register or |/O-bus output. 


XEC—executes instruction at the program address which is 
formed by replacing the least significant bits of the last 
address with the sum of: 


® Literal (J) field value of instruction plus, 
e Value of data in source register or |/O-bus input. 


NZT—least significant bits of program address are re- 
placed by literal (J) field of instruction if the source register 
or |!/O-bus is not equal to zero. 


JMP—program address is replaced by address field of the 
instruction word. 


Instruction Fields 
As shown in Table 1, each instruction contains an operations 


code (OPCODE) field and from one-to-three operand fields. 
The operand fields are: Source (S), Destination (D), Rotate / 


Length (R/L), Literal (J), and Address (A). The OPCODE 


and operand fields are briefly described in the following 
paragraphs. 


Operations Code Field: The three-bit OPCODE field speci- 
fies one of eight classes of 8X300 instructions; octal desig- 
nations for this field and operands for each instruction class 
are shown in Table 1. 


Source (S) and Destination (D) Fields: The five-bit (S) and 
(D) fields specify the source and destination of data for the 
operation defined by the OPCODE field. The AUXiliary (RO) 
register is an implied second operand for the ADD, AND, and 
XOR instructions, each of which require two source fields. 
That is, instructions of the form: 


ADD X, Y 


imply a third operand, say Z, located in the AUX (RO) regis- 
ter. Thus, the operation for the preceding expression is 
actually (X + Z), with the result stored in Y. The (S) and/or 
(D) fields can specify an internal 8X300 register or any one- 
to-eight bit |/O field; octal values for these registers and 
Source/ Destination field assignments are provided in Table 
2. 


Table 2. OCTAL ADDRESSES OF 8X300 REGISTERS AND ADDRESS/BIT ASSIGNMENTS OF 


SOURCE/DESTINATION FIELDS 


07 *IOL Register—Left Bank 


1/O Address Register; 
Used only as destination 


a ia 
used only as a source 
ae en a) SNE | FUE | SN es 7 eee 
[e—i~ssi‘“‘C;SrUCd~C~CCSCSC*dCnasignes 
[os—~—<“<~dSS~<“~*~‘—s~‘<“SSCSC*C“‘CSC*CLSOW#CNS”OC~*dé~Unaesignes 
Pp eSC~dSC“‘OS™~idCSC‘“‘(‘CNTNCNC( Unassigned 


Unassigned 


*IOR Register—Right Bank 
!/O Address Register; 
Used only as destination 


17 


NOTE 
*If IOL or IOR is specified as a source of data, the source data is all zeroes. 
NOTES: 
Octal Value 1. 20g-27g specifies the LSB of a variable length field within the 1/O port previously MSB-<——- BYTE > LSB 
selected by the left-bank (1OL) register. Length of field is determined by R/L. 
| 2. 30g-37g performs the counterpart function for the right-bank register (IOR). 


20 — Field within previously selected port with LSB position = 0 

21 — Field within previously selected port with LSB position = 1 

22 — Field within previously selected port with LSB position = 2 
Note 1 23 — Field within previously selected port with LSB position = 3 
24 — Field within previously selected port with LSB position = 4 
25 — Field within previously selected port with LSB position = 5 
26 — Field within previously selected port with LSB position = 6 
27 — Field within previously selected port with LSB position = 7 
30 — Field within previously selected port with LSB position = 0 
31 — Field within previously selected port with LSB position = 1 
32 — Field within previously selected port with LSB position = 
33 — Field within previously selected port with LSB position = 
34 — Field within previously selected port with LSB position = 4 
35 — Field within previousiy selected port with LSB position = 5 
36 — Field within previously selected port with LSB position = 6 
37 — Field within previously selected port with LSB position = 7 


WD 


Note 2 
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Rotate (R) and Length (L) Field: The three-bit R/L field 
performs one of two functions, specifying either the field 
length (L) or a right-rotate (R). For a given instruction, the 
specified function depends upon the contents of the source 
(S) and destination (D) fields. 


When an internal register is specified by both the source 
and destination fields, the (R) field is invoked and it speci- 
fies a right-rotate of the data specified in the (S) field—see 
accompanying diagram. The source-register data (up to 
eight-bits) is right-rotated within one instruction cycle. (The 
right-rotate function is implemented on the bus and not in the 
source register.) 


RIGHT-ROTATE FUNCTION 


Bit Position O12 3 4 § 6 7 


MSSSES oes, 


When either or both of the source and destination fields 


specify a variable-length I/O data field, the (L) field speci- 
fies the length of the |/O data field—see accompanying 
diagram. If the source field specifies an !/O address (20g- 
37g) and the destination field specifies an internal register 
(00g-06g, 07g, 11g, or 17g), the L-field specifies the length 
of source data; the source data is formed by right-rotating 
the |/O bus data according to the source address (Table 2) 
and then masking result as specified by L-field. If length is 
less than eight-bits, all remaining bits are set to zero prior to 
processing data in the ALU. If the source field specifies an 
internal register (00g,-06g, 10g,or 11g) and the destination 
field specifies |/O bus data (20g-37g), the L field specifies 
the length of the destination data. To form the destination 
data, the ALU output is left-shifted according to the destina- 
tion address (Table 2) and then masked to the required 
length—see DATA LENGTH SPECIFICATION. The destina- 
tion data is merged with data in the |/O latches to finalize 
the |1/O bus data. Hence, a one-to-eight bit destination data 
field can be inserted into the existing eight-bit |/O port 
without modifying surrounding bits. If both the source and 
destination fields specify |/O bus data (20g-37g), the L- 
field specifies the length of both the source and destination 
data. 


DATA LENGTH SPECIFICATION 


23 45 67 
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To form the source data, the !/O bus data is right-rotated 
according to the source address (Table 2) and then masked 
to the required length—see preceding DATA LENGTH 
SPECIFICATION. If length is less than eight-bits, all remain- 
ing bits are set to zero before processing in the ALU. To 
form the destination data, the ALU output is left-shifted ac- 
cording to the destination address (Tabie 2) and masked to 


the required length specification. The destination data is 


then merged into the |/O bus data that was used to obtain 
the source; thus, if the source and destination addresses 
are on the same bank, the |/O bus data written to the desti- 
nation register appears unmodified, except for bits changed 
during the shift-and-mask operations. If the source and des- 
tination addresses refer to different banks, the destination 
register is changed to contain the contents of the source 
register in those bit positions not affected by the destination 
data. 


J-Field: The 5-bit or 8-bit (J) field is used to load a literal 
value (contained in the instruction) into a register, into a 
variable I/O data field, or to modify the low-order bits of the 
Program Counter. The bit-length of the (J) field is implied by 
the (S) field in the XEC, NZT, and XMIT instructions, based 
on the following considerations. 


* When the source (S) field specifies an internal register, 
the literal value of the J-field is an 8-bit binary number. 

e When the source (S) field specifies a variable |!/O data 
field, the literal value of the J-field is a 5-bit binary number. 


A-Field: The 13-bit (A) field is an address field which allows 
the 8X300 to directly address up 8192 locations in Program 
Storage memory. 


INSTRUCTION SEQUENCE CONTROL 


Formation of Instruction Address 

The Address Register and Program Counter are used to 
generate addresses for accessing an instruction from pro- 
gram storage. The instruction address is formed in any one 
of four ways: 


® For all except the JMP, XEC, and a “satisfied” NZT in- 
struction, the Program Counter is incremented by one and 
placed in the Address Register. 

© For the JMP instruction, the 13-bit A-field contained in the 
JMP instruction word replaces the contents of both the 
Address Register and Program Counter. 

e For the XEC instruction, the Address Register is loaded 
with the high-order bits of the Program Counter modified 
as follows: 

XEC using !/O Bus Data: low order 5-bits of ALU output 
replaces counterpart bits in Address Register. 

XEC using Data from Internal Register: low order 8-bits 
of ALU output replaces counterpart bits in Address Regis- 
ter. 

The Program Counter is not modified for either of the 
above conditions. 

e For a “satisfied” NZT instruction, the low order 5-bits 
(NZT source is |/O Bus Data) or low order 8/bits (NZT 
source is an Internal Register) of both the Address Regis- 
ter and Program Counter are loaded with the literal value 
specified by J-field of the instruction word. 


Microcontroller 
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Data Addressing 

The source and/or destination addresses of the data to be 
operated upon are specified as part of the instruction word. 
As shown in Table 3, source/destination addresses are 
specified using a five-bit address (00g through 37a). When 
the most significant octal digit is aO or 1, the source and/or 
destination address is an internal register; if the most signifi- 
cant digit is a 2 or 3, an |/O bus address is indicated—-2 
specifying a left-bank (LB) address and 3 specifying a right- 
bank (RB) address. The least significant octal digit (0 
through 7) indicates either a specific internal register ad- 
dress or positioning information for the least significant bit 
when specifying |/O bus data. Referring to Table i, the 
AUXiliary register (00) is the implied source of the second 
argument for the ADD, AND, and XOR operations. IOL (desti- 
nation address 07g) and IVR (destination address 17g) pro- 
vide a means of routing address information to!/O registers. 
With IOL or 1OR specified as the destination address, the 
data is placed on the !/Q bus during the output phase of the 
instruction cycle. Simultaneously, a select command (SC) is 
generated to inform ail 1/O devices that information on the 
i/O bus is to be considered as an !/O address. Since IOL 
and IOR are not harware registers, they should never be 
specified as a source address. 


devices into two fields of 256 addresses. With LB in the 
active-low state and a source address of 20g-27g, the left 
bank of I/O devices are enabled during the input phase of 


the instruction cycle. With RB in the active-low state and a 


source address of 30g-37g, the right bank of devices are 
enabled. During the output phase, RB is low if the destina- 


tion address is IOR (17g) or 30g-37g; LB is low if the desti- 


nation address is lOL (07g) or 20g-27g. Each address field 


DESIGN PARAMETERS 
Hardware design of an 8X300-based system largely con- 
sists of the following operations: 


e Selecting and interfacing a Program Storage device— 
ROM, PROM, etc. (Pins 2 through 9 and 45 through 49 
for 13-bit address interface; Pins 13 through 28 for 16- 
bit instruction interface.) 

® Selecting and interfacing Input/Output devices— 
RAM, Multiplexers, {/O Ports, and other eight-bit 
addressable |/0O devices. (Pins 33 through 36 and pins 
38 through 41 for eight-bit 1/0 interface.) 

@ Choosing and implementing System Clock --Capaci- 
tor-Controlled, Crystai-Controiled, or Externally-Driv- 
en. (Pins 10 and 11 for System Clock interface.) 
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(LB and RB) can have a different I/O device selected; thus, 
two devices can be directly accessed within one instruction 
cycle. 


Table 3. SOURCE/DESTINATION ADDRESSES 


SOURCE AND/OR 


A ne nn re NR A Ti Hs Aff rt Wma ees 


DESTINATION SOURCE/DESTINATION 
FIELD (OCTAL) 
00 AUXiliary register (RO) 
01-06 Working registers R1-R6, respec- 
tively 
07 IOL Left-bank enable (Destination 
only) 
10 Overfiow status—OVF (Source only) 
11 Working register R11 
17 1OR Right-bank enable (Destination 
only) 


2N (N = O, 1, 2,3 
4, 5, 6, or 7) 


if a source, !/O data is right-rotated 
(7 — N) bits and then masked as 
specified by the L-field. LB = low and 
RB = high generated during input 
phase. 

if a destination, i/O data is left-shift 
(7 — N) bits and merged (specified 
by L-field) with data contained in the 
I/O latches. LB = low and RB = high 
generated during output phase. 

lf a source, |/O data is right-rotated 
(7 — N) bits and then masked as 
specified by the L-field. LB = high 
and RB = low generated during input 
phase. 


if a destination, |/O data is left-shift- 
ed (7 — N) bits and merged (speci- 
fied by L-field) with data contained in 
the 1/O latches. LB = high and RB = 
low generated during output phase. 


3N (N = 0, 1, 2,3, 
4, 5, 6, or 7) 


® Selection of 5-volt power supply and off-chip series- 
pass transistor. 

© External logic, as required, to meet the contro! re- 
quirements of a particular application. 


All information required for easy implementation of these 
design requirements is provided under the following cap- 
tions. 


DC Characteristics 

AC Characteristics 
Timing Considerations 
Clock Considerations 
HALT /RESET Logic 
Voltage Regulator 


@ 6 2@ &€ @ 
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DC CHARACTERISTICS (Commercial Part) 4.75v < Vcc < 5.25V, 0°C < Ta < 70°C | 


PARAMETER TEST CONDITIONS UNIT COMMENTS 


i Voc Supply voltage | 475 5V + 5%; pin 37 only 
VIH High level V X1 and X2 
input voltage All other pins 
VIL Low level 0.4 V X1 and X2 
input voltage 0.8 All other pins 
VOH _ High level VCC = min; lon = —3mA V 
output voltage 
| VOL Low level Vcc = min; lot = 6mA AO through A12 
Vv All other outputs 


Typ 


0.39 
0.39 


output voltage Vcc = min; lo, = 16mA 
Vcr Regulator voltage Voc = 5V V From series-pass 
transistor 
VIC Input clamp voltage Voc = min; lin = —10mA 
IH High-level input Voc = max; Viz = 0.6V 
current ViIH = 4.5V 
Ne Low-level input Voc = max; Vi_ = 0.4V 
current 


Crystal inputs X1 and X2 do 
not have internal clamp diodes. 


X1 and X2 
All other pins 


X1 and X2 
1VO-IV7 
10-115 
HALT and RESET 


on 
oo 


V 
mA 
pA 
mA 


Short circuit 
output current 


los Voc = max; Vor = VCRH All output pins 
(Note: At any time, no more 
than one output should be 


connected to ground.) 


loc Supply current Voc = max; Vcr = VCRH 
IREG Regulator control 


ICR Regulator current 


— 
Dm 
oO 
3 

> 


| 
ro) 
i . 


| 
b 
> 


| ok 
Oo 
> 


mA 
mA 
NOTES: 
1. Operating temperature ranges are guaranteed after thermal equilibrium has been 2. All voltages measured with respect to ground terminal. 


reached, 


AC CHARACTERISTICS (Commercial Part) CONDITIONS: Vcc = 5V (+5%). Vin = OV or 3V, O°C < Ta < 70°C 
| LOADING: (See test circuits) 


oa LIMITS (INSTRUCTION LIMITS (INSTRUCTION 
PARAMETER CYCLE TIME = 250 ns) CYCLE TIME 250 ns) UNITS COMMENTS 


Processor cycle time 


» ___X1 clock period 
X1 clock high time 
X1 clock low time 
MCLK high delay 
MCLK low delay _ 
MCLK pulse width 


ok 


= 7} 
py | 
RO 
aD 
~< 


TAS X1 falling edge to 
address stable 


524 August 1985 


Microcontroller 8X300 


AC CHARACTERISTICS (Commercial Part) CONDITIONS: Vcc = 5V (+5%), Vin = OV or 3V, O°C < Ta < 70°C 
(Continued) LOADING: (See test circuits) 


LIMITS (INSTRUCTION 

CYCLE TIME > 250 ns) | UNITS COMMENTS 

T1QtT2Q ae T1Qt+T2Q Notes 2, 3,&7 
inal +18 


+35 
T2Qt+ 108 Notes 2, 3,&8 
Notes 3 &9 


Note 10 
Notes 2, 4, & 10 


Note 11 


LIMITS (INSTRUCTION 
CYCLE TIME = 250 _ 


PARAMETER 
(NOTE 1) 


MCLK failing edge to 
address stable 


a 
c 


TMAS 


_ 
G 
oe} 
— 
S 


pS 
an 


Instruction to address 


im Input data to address 


Instruction set-up time 
(X1 rising edge) 


TmisS MCLK falling edge to 
instruction stable 


T1Q742 


I 
“J 


TiH Instruction hold time 
(X1 rising edge) 


TMIH Instruction hold time) 
(MCLK failing edge) 


X1 falling edge to 
SC/WC rising edge 


TMWH MCLK falling edge to 
SC/WC rising edge 


TWL X1 falling edge to 
SC/WC falling edge 


TMWL MCLK falling edge to 
SC/WC falling edge 


Notes 2 & 11 


+ 
~<a 
DE 
NO 


& 


ital mg re TiQt+T2qQ 


+ 
Oo 


> 
© 


_ 
nn 


x1 falling edge to 
LB/RB (Input phase) 


TMIBS MCLK falling edge to is 17 | 7 17 
LB/RB (Input phase) 
TBs Instruction to LB/RB 27 35 aa 
| (input phase) 


Toes X1 falling edge to 48 60 70 
LB/RB (Output phase) _ 
Tmoss MCLK falling edge to 132 137 Tra Tea | TiQtT2qQ Le! Note 2 
LB/RB (Output phase) | +12 +22 
ae ns 


| Tips Input data set-up time 
(X1 falling edge) 


TMIDS MCLK falling edge to 
input data stable 


Tips 


TiqtT2qQ es Notes 2&5 
~70 


TIDH Input data hoid time 
____ {1 falling edge) 


Tapia Input data hold time 
TODH Output data hold time 
(X1 falling edge) 
| TMODH Output data hold time 
(MCLK falling edge) 


Tops Output data stable 
(X1 falling edge) 


ns Notes 12, 14, & 15 


ITiqtT2q ia tisa.| Notes 2, 12, 
+35 +45 14, & 15 


| Taops Output data stable 
(MCLK falling edge) 


A Sra eee TAN SOREL AERATION ENT IO SETOT 
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AC CHARACTERISTICS (Commercial Part) CONDITIONS: Vcc = 5V (+ 5%), Vin = OV or 3V, 0°C < Ta < 70°C 
(Continued) LOADING: (See test circuits) 


LIMITS (INSTRUCTION LIMITS (INSTRUCTION | 
PARAMETER CYCLE TIME = 250 ns) CYCLE TIME > 250 ns) UNITS COMMENTS 
(NOTE 1) Min Typ Max Min | Typ Max 
Too Input data to output 104 | 136 104 12 ns 
data | 
THS HALT set-up time 0 
(X1 rising edge) 


TMHS MCLK falling edge to 
HALT falling edge 


HALT hold time 
(X1 rising edge) 


TMHH HALT hold time | TyQ712 
(MCLK falling edge) , 
TACC Program storage 80 ) 
access time | | a 
TO I/O port output enable 30 . 
time (LB/RB to valid | 
IV data input) | 


NOTES: 
1. X1 and X2 inputs are driven by an external pulse generator with an amplitude of 1.5 TEST CIRCUITS 
valts; all timing parameters are measured at thia voltage level. 
2. Respectively, T1Q, Tag. T3q, and Taq represent time intervals for the first, second, 
third, and fourth quarter cycles. ADDRESS 
. Capacitive loading for the address bus ia 150 picofarads. 


. Same as TIS but referenced to falling edge of MCLK. 
. Same as TIDS but referenced to falling edge of MCLK. 
. Same as THS but referenced to falling edge of MCLK. 7810) 
. TAS is obtained by forcing a valid instruction and an//O bus input to occur earlier than 
the specified minimum set-up time; the TAS parameter then represents the earliest Ghece ree 
time that the address bus is valid. 
8. TIA is obtained by forcing a valid instruction input to occur earlier than the minimum 3790) 150pt 
set-up time. 
9. TIVAis obtained by forcing a valid 1/O bus input to just meet the minimum set-up time. 
10. TMIS represents the set-up time required by internal latches of the 8X300. In system 
applications, the instruction input may have to be valid before the worst-case set-up 


time in order for the system to respond with a valid |/O bus input that meets the 1/0 o OTHER 

bus input set-up time (TIDS and TMIDS). as 5V 
1%. TIH represents the hold time required by internal latches of the 8X300. To generate 

proper LB/RB signais, the instruction must be held valid until the address bus 


Note 2 


NGO h ® 


changes. 
2320 
12. TODS is obtained by forcing a valid 1/O bus input to occur earlier than the 1/O bus 
input set-up time (TIDS); this timing parameter represents the earliest time that the OUTPUT 
i/O output data can be valid. UNDER TEST 


13. TDD is obtained by forcing a valid !/O bua input to just meet the minimum i/O bus input 
set-up time; thus timing parameter represents the latest time that the |/O output data 
can be valid. 

14. The minimum figure for these parameters represents the earliest time that 1/O bus 
output drivers of the 8X300 will turn on. 

1§. For TIDS = 35 ns, TODS or TMODS should be used to determine when the output data 
ia stable. 
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DC CHARACTERISTICS (Military Part) ssx300-1 —40°C < TC < 100°C Vcc = 5V + 5% 
$8X300-2 —20°C < TC < 100°C ——-~e = 5V + 10% 


LIMITS 
PARAMETER TEST CONDITIONS | resrconomons | ge UNIT 
ViH High level input voltage 
X1, X2 
All others 
Low level input voltage 
X1, X2 0.4 
_ All others 0.8 
Input clamp voltage ca min 
(Notes 1 & 5) | = —10mA 


High level input current 
X1, X2 


All others 


Low level input current 
X1, X2 


IVO-1V7 


Voc = max 
ViL = 0.4V mA 
Voc = max 
Vit = 0.4V mA 
Voc = max 
Vit = 0.4V —0.4 mA 


10-115 


HALT, RESET 


Low level output voltage 


AO-A12 Vcc = min 
IL = 4.25mA 
All others Vcc = min 
lo. = 16mA 


VOH High level output voitage Vcc = min 2.4 V 
IOH = —3mA 
los Short circuit output current Voc = max —140 mA 
(Note 2) 
icc Supply current Vcc = max mA 
(Note 4) 


| 285 | mA 
TC = 25°C 
IcR Regulator current Voc = max mA 
TC < 25°C 
Vcr Regulator voltage (Note 3) V 


NOTES: 

1. Crystal inputs X1 and X2 do not have clamp diodes. 5. Test each input one at a time. 

2. Only one output may be grounded at a time. 6. All voltages are with respect to ground terminal. 

3. From series-passed transistor under the following conditions: 7. The operating temperature ranges are guaranteed after thermal equilibrium has been 
VCC = Max, HALT = RESET = ADORESS = IVX = 0.0V, all other pins open. reached. 

4. Pin 37 only. 8. Storage temperature —65°C to + 150°C. 
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AC CHARACTERISTICS (Military Part) CONDITIONS: S8X300-1—Vcc = 5V (+5%) -40°C < To < 100°C 
$8X300-2—Vcoc = 5V (+ 10%) -20°C = Te = 100°C 


PARAMETER 


Clock: — 
Processor cycle time 


4 
Uv 
O 


p X1 clock period 
H X1 clock high time 


O 


a] 
: 


ToL X1 clock low time 

Controls: 

THs HALT set-up time (X1 rising edge) 
THH HALT hold time (X1 rising edge) 


instructions: 
X1 falling edge to address stable 


~ 
> 
” 


Tis Instruction set-up time (X1 rising edge) 


H Instruction hold time (X1 rising edge) . ee geet ned 


MCLK high delay 
MCLK low delay 


TMCH 


TMCL 
X1 falling edge to SC/WC rising edge 


= 
= 


a = 
ue 


+ 


L X1 falling edge to SC/WC falling edge 
TiBS instruction to LB/RB (input phase) 

Tips X1 falling edge to LB/RB (input phase) 
Toss X1 falling edge to LB/RB (output phase) 
Tips Input data set-up time (X1 falling edge) 
TIDH Input data hold time (X1 falling edge) 


Tops Output data stable (X1 falling edge) 


TODH 


TACC 
iO Data |/O access time 


Output data hold time (X1 falling edge) 


Instruction access time 


NOTES: 


1. Operating temperature ranges are guaranteed after thermal! equilibrium has been 


reached. 
2. Unless otherwise noted CL = 300 pF, VIN = 3V. © 


TIMING CONSIDERATIONS (Commercial Part) 

As shown in the “AC CHARACTERISTICS” table for this part, 
the minimum instruction cycle time is 25 ns, whereas, the 
maximum is determined by the on-chip oscillator frequency 
and can be any value the user chooses. With an instruction 
cycle time of 250 ns, the part can be characterized in terms 
of absolute values; these are shown in the first “LIMITS” 
column of the table. When the instruction cycle time is great- 
er than 250 ns, certain parameters are cycle-time depen- 
dent; thus, these parameters are specified in terms of the 
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LIMITS 


four quarter cycles (T1qQ, T2Q, T3Q, and T4qQ) that make up 
one instruction cycle—see 8X300 TIMING DIAGRAM. As the 
time interval for each instruction cycle increases (becomes 
greater than 250 ns), the delay for all parameters that are 
cycle-time dependent is likewise increased. In some cases, 
these delays have a significant impact on timing relation- 
ships and other areas of systems design; subsequent para- 
graphs describe these timing parameters and reliable meth- 
ods of calculation. . 
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8X300 TIMING DIAGRAM 


ADDRESS 
(Ao-A12) 


INSTRUCTION 
(lo-115) 


OOOO OOOO) 
OUTPUT Sosetorecocececenecereseee” 


VQOVOOOY OOOO 


LAAM 2 G 
SR INDICATES 3-STATE _ 


For an instruction cycle time greater than 250 ns, 
the 1/O bus can be stable sometime within the 


! 
third quarter (T3q) cycle. 


——————__——. 1/0 drivers three-state 
| i) 


| 
= WC = "0" i i address, WC = “1” for ——________—__»] 


‘ | 
}~<<-—_—_——__—_—_—— [B, RB set for input a a LB, RB set for output data Ss) 
' ' 


SC = “1" for 1/0 


instruction address 


{ | 
Changes a i high ———3 


| 
1 
! 
| 1/0 data ! 
; | 


' 
Seeeeeneaeameen as! 1/0 drivers active if output data or 


I 
| 
y address to {/O BUS; three-state otherwise i 
| ' 
| 


| : 
<= 10 receivers open —___> ! | 
i 


| 1 
| { 
1 


Timing parameters for the 8X300 are normally measured 
with reference to X1 or MCLK; those referenced to MCLK 
are prefaced with an “M” in the mnemonic—TMAS, TMIH, 
and so on. To determine the timing relationship between a 
particular signai, say “A” and MCLK, the user should, at 
all times, use the value specified in the table—DO NOT 


| { | 

| }t- - —p<t—— 1/0 bus stable ——3>I 

NOTE 
\ i. = 

ONE CYCLE (-250 ns) —————_—_-—} | 
| ' 1 


calculate the value by adding or subtracting two or more 
parameters that are referenced to X1. When deriving timing 
relationships between two signals (A to B, etc.) by adding or 
subtracting the parameter values, the user must consis- 
tently use the same parameter reference—MCLK or X1. 
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System determinants for the instruction cycle time are: 

© Propagation delays within the 8X300 

® Access time of Program Storage 

© Enable time of the |/O port 

Normally, the instruction cycle time is constrained by one or 

more of the following conditions: . 

Condition 1—Instruction or MCLK to LB/RB (input phase) 
plus 1/O port access time (TIO) < IV data set- 
up time (Figure 4a). 


Condition 2—Program storage access time (TACC) plus 
instruction to LB/RB (input phase) plus I/O 
port access time (TIO) pilus IV data (input 
phase) to address < instruction time (Figure 
4b). 


Condition 3—Program storage access time plus instruction 
to address < instruction cycle time (Figure 
4c). 


' 
oe ! 
ner 

MCLK i 
1 ! 1 
! 
SC, WC, UB or RB | 
LK | ) 
1 
! 
| 
' 


1° MCLK to [B/AB (input 
phase) or instruction to 
C5/RB (input phase). 
2) 1/0 port access (TIO). 
@) IV data set-up time 
(referenced to MCLK). 


a2 


Li 


t 

| 

1 
| 
| 


|V0-IV7 


a— 3) 


a. Condition #1 


| 
= 
: a yam , | li) Program storage access 
| | time. 
{ | 
10-115 | | I ) | (2) MCLK to LB/RB (input 
| ey | ; | | phase) or instruction to 
| | = | | | | LB/RB (input phase). 
| | Id 1/0 port access (TIO). 
LB, RB | | | 4) 
' —~ os | 4) IV data (input phase) to 
| |a3 ae 4lL—oy | fa address. 
| \ 
{ | i ! | | 
wave | l l Lia | | 
1V0-IV7 
I | 1 | | 


b. Condition #2 


.. KUL 


AO-A12 f 
i ! | 
INSTRUCTION To | 
ADDRESS 


faeces 
\ | 


I 
| 
| 
I 
I 
| 
| 
| 
| 


PROGRAM STORAGE 
ACCESS 
c. Condition #3 


Figure 4, 


Constraints of 8X300 Instruction Cycie Time 


From condition #1 and with an instruction cycle time of 
250 ns, the |/O port access time (TIO) can be calculated as 
follows: 
TMIBS + TIO <= TMIDS 
transposing, TIO < TMIDS — TMIBS 
substituting, TIO < 55ns — 25ns 
result, TIO <= 30ns 


Using 30 ns for TIO, the constraint imposed by condition # 1 
can also be used to calculate the minimum cycle time: 
TMIBS + TIO <= TMIDS 

25ns + 30ns = T1Q + T2Q — 70 

25ns + 30ns = % cycle — 70 therefore, the 
worst-case instruction cycle time is 250 ns. With subject 
parameters referenced to X1, the same caiculations are 
valid: 


thus, 


TIBS + TIO + TIDS < % cycle 
thus, 7Ons + 30ns + 25ns <= % cycle therefore, 
the worst-case instruction cycle time is again 250 ns. From 
condition #2 and with an instruction cycle time of 250 ns, 
the program storage access time can be calculated: 

TACC + TIIBS + TIO + TIVA <= 250ns 
transposing, TACC < 250ns — TIIBS — TIO —TIVA 
substituting, TACC < 250ns — 35ns - 30ns —105ns 

thus, TACC < 80ns hence, for an instruction cy- 
cle time of 250 ns, a program storage access time of 80 ns 
is implied. The constraint imposed by condition #3 can be 
used to verify the maximum program storage access time: 

TIA + TACC < Instruction Cycle 

thus, TACC < 250ns — 170ns 
and, TACC < 80ns, confirming that a program 
storage access time of 80 ns is satisfactory. 


For an instruction cycle time of 250 ns and a program stor- 
age access time of 80 ns (Condition #2/Figure 4b), the 
instruction should be valid 10 ns before the falling edge of 
MCLK. This relationship can be derived by the following 
equation: 

250ns — TMAS — TACC 

250ns — 160ns — 80ns 

10ns 


it is important to note that, during the input phase, the begin- 
ning of a valid LB/RB signal is determined by either the 
instruction to LB/RB delay (TIIBS) or the delay from the 
falling edge of MCLK to LB/RB (TMIBS). Assuming the in- 
struction is valid 10 ns before the falling edge of MCLK and 
adding the instruction-to-LB/RB delay (TIIBS) = 30ns), the 
LB/RB signal will be valid 25 ns after the falling edge of 
MCLK. With a fast program storage memory and with a valid 
instruction more than 10 ns before the falling edge of 
MCLK—the LB/RB signal will, due to the TMIBS delay, still 
be valid 25 ns after the falling edge of MCLK. Using a worst- 
case instruction cycle time of 250 ns, the user cannot gain a 
speed advantage by selecting a memory with faster access 
time. Under the same conditions, a speed advantage cannot 
be obtained by using an1/O port with fast access time (TIO) 
because the address bus will be stable 80 ns (TAS) after the 
beginning of the third quarter cycle—no matter how early 
the IV data input is valid. 
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internal Timing and Timing Relationships 

All timing and timing-control signals of the 8X300 are gener- 
ated by the oscillator and sequencer shown in Figure 5. The 
sequencer outputs direct and control all of the timing param- 
eters specified in the TIMING DIAGRAM. Observe that each 
input quarter cycle bears a fixed relationship to X1 via the 
propagation delay. 


General and interactive timing relationships pertaining to 
1/O signals of the 8X300 are shown in Figure 6. Example—in 
the input phase, the switching point of the LB/RB signal is 
caused by the worst-case delay from the instruction to 
LB/RB or from the beginning of the first internal quarter 
cycle to LB/RB; the two arrows pointing to the LB/RB tran- 
sition indic.ate this “either/or” dependency. This information 
coupled with tabular values and the TIMING DIAGRAM pro- 
vides the user with the wherewithal to calculate any and all 
system timing parameters. 


CLOCK CONSIDERATIONS 

The on-chip oscillator and timing-generation circuits of the 
8X300 can be controlled by any one of the following 
meihods: 

Capacitor: if timing is not critical 

Crystal: if precise timing is required 

External Drive: if application requires that the 8X300 be 
synchronized with system clock 


Capacitor Timing: A non-polarized ceramic or mica capaci- 
tor with a working voltage equal to or greater than 25-voits is 
recommended. The lead lengths of capacitor should be ap- 
proximately the same and as short as possible; also, the 
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Figure 5. Timing and Timing Controi Signais of the 8X300 


timing circuits should not be in close proximity to external 
sources of noise. For various capacitor (Cy) values, the 
cycle time can be approximated as: 
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Figure 6. Timing Relationships of 8X300 1/0 Signals 
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Crystal Timing: When a crystal is used, the on-chip oscilla- 
tor operates at the resonant frequency (fo) of the crystal: 

the series-resonant quartz crystal connects to the 8X300 
via pins 10 (X1) and 11 (X2). The lead lengths of the crystal 
should be approximately equal and as short as possible; 
also, the timing circuits should not be in close proximity to 
external sources of noise. The crystal should be hermeti- 
cally sealed (HC type can) and have the following electrical 
characteristics: 

Type: Fundamental mode, series resonant 

impedance at Fundamental: 35-ohms maximum 

_ Impedance at Harmonics and Spurs: 50-ohms minimum 


earner ghantnten tA Te RA RA A Yo NEAR 
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Figure 7. Clocking with a Pulse Generator 


RESET Logic 

The RESET line (pin 43) can be driven from a high (inactive) 
state to a low (active) state at any time with respect to the 
system clock, that is, the reset function is asynchronous. To 
ensure proper operation, the RESET line should be held iow 
(active) for one full instruction time. When the line is driven 
from a high state to an active-low state, several events 
occur—the precise instant of occurrence is basically a 
function of the propagation delay for that particular event. 
As shown in the acompanying RESET timing diagram, these 
events are: 


® The Program Counter and Address Register are set to 
an all-zero configuration and remain in that state as 
long as the RESET line is low. Other than PC and AR, 
reset does not affect other internal registers. 

® The input/output (IV) bus goes three-state and re- 
mains in that mode as long as the RESET line is iow. 

® The Select Command and Write Command signals are 
driven low and remain inactive as long as the RESET 
line is low. — 

® The Left Bank/Right Bank signals are undefined for 
the period in which the RESET line is low. 


During the time RESET is active-low, MCLK is inhibited; 
moreover, if the RESET line is driven low during the last two 
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The resonant frequency (fo) of the crystal is related to the 
desired cycle time (T) by the equation fp = 2/T; 1p a cycle 


time of 250 ns, fo = 8MHz. 


Using an External Clock: The 8X300 can be synchronized 
with an external clock by simply connecting appropriate 
drive circuits to the X1/X2 inputs. Figure 7 shows how the 
on-chip oscillator can be driven from the complementary 
outputs of a pulse generator. In applications where the 
microcontroller must be driven from a master clock, the 
X1/X2 lines can be interfaced to TTL logic as shown in 
Figure 8. 


MICROCONTROLLER 
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TTL DRIVER CHARACTERISTICS: 
FALL TIME <10)SEC 
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Figure 8. Clocking with TTL 


quarter cycles, MCLK can be shortened for that particular 
machine cycle. When RESET line is driven high (inactive) — 
one-quarter to one full instruction cycle later—-MCLK ap- 
pears just before normal operation is resumed. The 
RESET/MCLK relationship is clearly shown by “B” in the 
timing diagram. As long as the RESET line is active-low, the 
HALT signal (described next) is not sampled by internal 
logic of the 8X300. 


HALT Logic 

The HALT signal is sampled via interna! chip logic at the end 
of the first internal quarter of each instruction cycle. If, when 
sampled, the HALT signal is active-low, a halt is immediately 
executed and the current instruction cycle is terminated; 
however, the halt cycle does not inhibit MCLK nor does it 
affect any internal registers of the 8X300. As long as the 
HALT line is active-low, the SC and WC lines are low (inac- 
tive) and the input/output (IV) bus remains in the three-state 
mode of operation. The halt cycle continues until, when 
again sampled, the HALT line is found to be high; at this 
time, normal operation is resumed. Timing for the halt signal 
is shown in the accompanying diagram. 
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1. A High to Low transition of the RESET signal will force the Address Bus to an all-zero 2. The RESET signal can switch from Low to High at any point within this time interval and, 
configuration. in all cases, MCLK will occur at least one-quarter cycte time later as shown. 
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NOTES 

1. The HALT signal can switch from High to Low at any time during this interval. Tiy4-— hold time from X1 to HALT (independent of instruction cycle time) 

2. The HALT signal can switch from Low to High at any time during this interval. THs — set-up time from MCLK to HALT (dependent upon instruction cycle time) 
Timing Descriptions: Tanya hold time from MCLK to HALT (dependent upon instruction cycle time) 


THs set-up time from HALT to X1 (independent of instruction cycle time) 
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VOLTAGE REGULATOR 

All internal logic of the 8X300 is powered by an on-chip 
voltage regulator that requires an external series-pass tran- 
sistor. Electrical specifications for the off-chip power tran- 
sistor and a typical hook-up are shown in the accompanying 
-diagram. To minimize lead inductance, the transistor should 
be as close as possible to the 8X300 package and the 
emitter should be ac-grounded via a 0. 1-microfarad ceramic 
capacitor. 
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CONDITIONS LIMITS 


VCE = 2V; 
100mA < Ic < 500mA 


Voce = 5V; ic = 500mA 


Ic = 500mA; Ip = 50mA 
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FEATURES 


e Fetch, Decode, and Execute a 16-bit Instruction in a 

minimum of 200 nanoseconds (one machine cycle) 

Bit-oriented instruction set (addressable single-or- 

multiple bit subfields) 

Separate buses for instruction, Instruction Address 

and Three-State I/O 

e Thirteen 8-bit general-purpose working registers 

e Source/destination architecture 

e¢ Bipolar low-power Schottky technology/TTL inputs and 
outputs 

e On-chip oscillator and timing generation 

e Single +5V supply 

e 0.9-in. 50-pin DIP 


PRODUCT DESCRIPTION 

The Signetics 8X305 MicroControlier (Figure 1) is a high- 
speed bipolar microprocessor implemented with low- 
power Schottky technology. In a single chip, the 8X305 
combines speed, flexibility, and a bit-oriented instruction 
set. These features and other basic characteristics of the 
chip combine to provide cost-effective solutions for a 
broad range of applications. The 8X305 is particularly 
useful in systems that require high-speed bit manipula- 
tions — sophisticated controllers, data communications, 
very fast interface control, and other applications of a 
similar nature. 


The 8X305 can fetch, decode, and execute a 16-bit in- 
struction word in a minimum of 200 nanoseconds. Within 
one instruction cycle, the 8-bit data-processing path can 
be programmed to rotate, mask, shift, and/or merge 
single or multiple bit subfields and, in addition, perform 
an ALU operation; in the same instruction, an external 
data field can be input, processed, and output to a speci- 
fied destination — likewise, single or multiple bit data 
fields can be internally moved from a given source to a 
given destination. To summarize, fixed or variable-length 
data fields can be fetched, processed, operated on by the 
ALU, and moved to a different location — all in a time- 
frame of 200 nanoseconds. To interface with I/O and pro- 
gram memory, the 8X305 uses a 13-bit instruction ad- 
dress bus, a 16-bit instruction bus, an 8-bit bidirectional 
multiplexed 1/O data/address bus and a 5-bit I/O control 
bus. 


A wide selection of I/O devices, interface chips, and 
special-purpose parts are available for systems use. In 
most applications, the more powerful 8X305 is function- 
ally interchangeable with its predecessor — the 8X300. 


8X305 


Originally published by Signetics January 1984 


ASSOCIATED DOCUMENTATION 
Other documents directly relating to design and applica- 
tions use of the 8X305 MicroController are: 


e Product Capabilities Manual 
e 8X305 Users Manual 


These documents and other current literature (Data 
Sheets, Product Bulletins, Applications Notes, etc.) are 
available at all Signetics Sales and Service Offices — see 
rear cover of this data sheet for the office in your locality. 
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NOTE: 1. Registers R1-R6, R11 and R14-R16 are general-purpose working registers. 
2. In any instruction where R7 (IVL) or R17 (IVR) is specified as the destination, the 8-bit value is 
output on the IV bus as an IV device enable address (SC = High)—R7 = left bank and R17 = right 
OSCILLATOR bank; the results are also stored into the specified internal register and may later be accessed 


AND TIMING 
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x1 

. R12 and R13 are general-purpose working registers for all operations except transmit (XMIT). 

4. The least significant bit of register R10 (OVF) is used to reflect the carryout status resulting from 
the most recent ADD operation. 

5. Auxiliary register RO #1 is a general-purpose working register that holds the implied operand for 
Arithmetic and Logical operations; the content of this register is repeated in AUX #2 (shown dotted). 
The duplicate register is physically part of the ALU and is shown separate only for layout . 
convenience. 

6. Internal working registers cannot be operated on by the MASK logic. 

7. During NZT instructions the ALU tests for ail bits equal to ‘‘0” (Transfer if A+ 0)—refer to BASIC 
OPERATIONS that follow. 
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Figure 1. Architecture and Pin Designations for 8X305 MicroController 


Microcontroller | 8X305 


8X305 
MICROCONTROLLER 


IDENTIFIER FUNCTION 
| VCR Regulated voltage input from series-pass transistor (2N5320 or equivalent). 


Ag— Aye Program Address Lines: These active-high outputs permit direct addressing of up to 8192 words of program 
storage; Aj» is least significant bit. 


X1, X2 Timing generator connections for a capacitor, a series resonant crystal, or an external clock source with 
complementary outputs. 


GND Ground. 


—_ 
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—h 
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13-28 


instruction Lines: These active-high input lines receive 16-bit instructions from program storage; I,5 is 
least significant bit. 


on hs 
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Q 


Select Command: When high (binary 1), an address is being output on pins IVO through IV7. 


= 
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Write Command: When high (binary 1), data is being output on pins VO through IV7. 


Left Bank Control: When low (binary 0), devices connected to the Left Bank are accessed. (Note. Typically, 
the LB signal is tied to the ME input pin of I/O peripherals). 


Right Bank Control: When low (binary 0), devices connected to the Right Bank are accessed (Note. Typically, 
the RB signal is tied to the ME input pin of I/O peripherals). 


Interface Vector (Input/Output Bus) — these bidirectional active-low three-state lines communicate data 
and/or addresses to I/O devices and memory locations. A low voltage level equals a binary ‘'1’'; IV7 is 
Least Significant Bit. 


+5V power supply. | 


Master Clock: This active-high output signal is used for clocking I/O devices and/or synchronization of 
external logic. 
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When RESET input is low (binary 0), the 8X305 is initialized — sets Program Counter/Address Register 
to zero and inhibits MCLK. For the period of time RESET is low, the Left Bank/Right Bank (LB/RB) signals 
are forced high asynchronously. . 


When HALT input is low (binary 0), internal operation of the 8X305 stops at the start of next instruction: 
MCLK is not inhibited nor is any internal register affected; however, both the Left Bank/Right Bank (LB/RB) signals 
are synchronously driven high during the first quarter of the instruction cycle time and remain high during 
the time HALT is low. 


VR Internally-generated reference output voltage for external series-pass regulator transistor. 


Figure 2. Designations and Descriptions for Pins of 8X305 MicroController. 
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FUNCTIONAL OPERATION 
Typical System Configuration 


Although the system hookup shown in Figure 3 is of the 
simplest form, it provides a fundamental look at the 
8X305 MicroController and peripheral relationships. As 
indicated, the 8X305 can directly address up to 8K words 
of program storage — either ROM or PROM. The user 
interface (IVO through IV7) is capable of uniquely address- 
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ing 256 Input/Output locations and, with additional bank 
bits (LB, RB), this number is expanded to 512 — each 
bank comprising 256 addressable locations. The address- 
able locations of each bank can be used in a variety of 
ways; a simple method of implementation is shown in 
Figure 3. When LB is active low, the left bank is enabled 
and any one of 256 locations within the RAM memory can 
be accessed for input/output operations. A similar set of 
“enable/access” conditions are applicable to the right 
bank when RB is active low. 
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Figure 3. Typical 8X305 System Hookup 
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BASIC OPERATIONS OF 8X305 Refer to a later discussion of ‘Instruction Fields” for a detailed examination of all operand 
fields and subdivisions thereof—‘'S” (So, $1), ‘“D” (Dg, Dy), 'R”, “L’, “J”, and “A”. 


SS Se REGISTER TO-REGISIER eee 


SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 
(PRE-ALU) (POST-ALU) 


RO-R17 as specified by Right rotate as specified RO-R7, R11-R17 as 


“S" field of instruction. by ''R” field of instruction. specified by “D" field of 
-—$$$$$$$$__________—_—____—__ REGISTER. TO.IV BUS ————_—_$_____________________» 


| instruction. 
SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 
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aa — er | 
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fields of instruction. Right Bank (RB) as speci- 
SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 
(PRE-ALU) (POST-ALU) 


fied by Dg" and "D4" 
Variable length field of IV Right rotate and mask as No operation. No operation. RO-R7, R11-R17 as 


fields of instruction. 


bus— Left Bank (CB) or specified by Sp” and “L" specified by ‘''D"' field of 
Right Bank (RB) as speci- fields of instruction. instruction. 

fied by “Sy” and “So” 

tields of instruction. 
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SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION a 
(PRE-ALU) (POST-ALU) 


Variable length field of iV Right rotate and mask as No operation. Shift and merge as Variable length field of IV 
bus— Left Bank (LB) or specified by “Sp” and "L" specified by “Dp” and “L" bus— Left Bank (CB) or 
Right Bank (RB) as speci- fields of instruction. fields of instruction. Right Bank (RB) as speci- 
fied by 'S4" and "So" fied by “Dg” and "D4" 
fields of instruction. fields of instruction. 


REGISTER-to-REGISTER Same as MOVE operations, except [POST-ALU p= 


REGISTER-TO-IV BUS [PRE-ALU f= source data is ADDed to contents [POST-ALU =p 
_ of AUXiliary Register RO via the 

V BUS-to-REGISTER : | ALU; if appropriate, Overflow : 
IV BUS-to-IV BUS , : Register R10 (OVF) is also set. [POST-ALU = 
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[eth XEC, REGISTER | 


DATA PROCESSING _ DATA PROCESSING DESTINATION 
| (PRE-ALU) (POST-ALU) 


RO-R17 as specified by = | No operation. Add source data to 8-bit No operation. Replace 8 LSB of Address 
“S" field of instruction. a field specified by instruc- Register” with 8-bit sum 
tion literal (O< J < 377g). from ALU. 


*PGM CTR unchanged. 


fa $$ $$$ xe, 1V By S 


DATA PROCESSING DESTINATION 
(POST-ALU) 


Left or Right Bank of iV Rotate and mask as Add masked field of No operation. Replace 5 LSB of Address 
i bus as specified by ‘‘S” specified by “Sp” and ‘“L” source data to 5-bit literal ; Register* with 5-bit sum 
field of instruction. fields of instruction. specified by “J”' field of from ALU. 
instruction (0 < J < 37g). 
*PGM CTR unchanged. 


“SOURCE _ : : ( | Pau | | DESTINATION 


RO-R17 as specified by No operation. Test contents of source |} If S=0, increment PC by 
“§" field of instruction. oe: register for all zeroes. 1; if S#0, replace 8 LSB 
, of AR and PC with literal 
specified by J" field of 

instruction. 


SOURCE “DESTINATION 


Test contents of masked 
field for all zeroes. 


Rotate and mask as 
specified by “So” and “L” 
fields of instruction. 


Left or Right Bank of iV 
bus as specified by ‘‘S" 
field of instruction. 


If S=0, increment PC by 
1; if S#0, replace 5 LSB 
of AR and PC with literal 
specified by “J” fieid of 
instruction. 


pe 0, REGISTER — $$ >} 


SOURCE DATA PROCESSING ALU | DATA PROCESSING DESTINATION 
(PRE-ALU) | (POST-ALU) 


O< J <= 377g~- value No operation. No operation. No operation. RO-R7, R11, A14-R17. 
specified by “J” field of as i Load 8-bit integer speci- 
instruction. fied by “J” field into 
register specified by ‘D” 
field. 


fan 2c 8-BITS IMMEDIATE, IV BUS ——_—_—________________» 


SOURCE DATA PROCESSING DATA PROCESSING DESTINATION 
} (POST-ALU) 


0 <= J < 377g - value | No operation. 
specified. by “J” field of 


instruction. 


Left (R12) or Right (R13) 
Bank of !V bus as speci- 
fied by ‘‘D”’ field of 

instruction. 


| (PRE-ALU) 


ee ee ee ee XMIT VARIABLE-BIT FIELD IMMEDIATE IV BUS ee eee 


SOURCE — | DATA PROCESSING | DATA PROCESSING DESTINATION 
(PRE-ALU) (POST-ALU) 


Q=J<37g-vaue =| | No operation. No operation. Shift and merge source Left or Right Bank of iV 


specified by “J” field of =e "| data as specified by “Dg” "| bus as specified by “D” 
instruction. | and “L.” fields of | field of instruction. 
instruction. 
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specified by ‘‘A”’ field of 
instruction. 


Program Storage Interface 


As shown in Figure 3, program storage is connected to 
output address lines Ag through Ayo (Ay. = LSB) and input 
instruction lines Ip) through I,5. An address output on 
Ao/Ay2 identifies one 16-bit instruction word in program 
storage. The instruction word is subsequently input on 
Io/l45 and defines the MicroController operation which is 
to follow — one instruction word equals one completed 
operation. Any TTL-compatible memory can be used for 
program storage provided the worst-case access time is 
compatible with the instruction cycle time used for the 
application -—- see timing section for appropriate 
calculations. 


/O interface and Control 


An 8-bit bidirectional I/O bus, referred to as the Interface 
Vector (IV) bus, provides a communication link between 
the MicroController and the two banks of !/O devices. The 
LB (Left Bank) and RB (Right Bank) control signals iden- 
tify which bank is enabled; when both LB and RB are high 
(inactive), neither bank is enabled and the IV bus is inac- 
tive (three-state). A functional analysis of the Left and 
Right Bank signais is shown below: 


FUNCTION 
This state is not generated by the 8X305. 
Enable left bank devices. 

Enable right bank devices. 

Disable all devices; !V bus is three-state. 


; Low 
| High 
Low 
High 


High 


Both data and I/O address information are multiplexed on 
the IV bus. The SC (Select Command) and WC (Write Com- 
mand) signals distinguish between data and I/O address 
information as follows: 


FUNCTION 
| The IV bus is three-state and not 
| looking for input data. 

The IV bus is reading input data. 
Data is being output. 
Address is being output. 


a ON ED  eereereeneE IS and Program Counter with 


| This condition is never generated. 


DESTINATION 


Load Address Register 


contents of 'A”’ field. 


Data Processing 


Basically, the data processing path of the 8X305 consists 
of the Rotate/Mask logic, the Arithmetic Logic Unit (ALU), 
the Shift/ Merge functions, on-chip memory (sixteen 8-bit 
registers), and the bidirectional IV bus interface with its 
associated driver circuits and internal latches. The on- 
board memory and the IV bus are connected to both in- 
puts and outputs of the ALU via internal 8-bit data paths 
— see Figure 1. inputs to the ALU are preceded by right- 
rotate and data-mask functions; the ALU output is fol- 
lowed by the left-shift and merge operations. Depending 
on the desired operation, any one or all of the functions 
(Rotate/Mask/Shift/Merge) can operate on 8 bits of datain 
a single instruction cycle. For a summary of all data- 
processing capabilities, refer to BASIC OPERATIONS OF 
THE 8X305 described earlier in this data sheet. 


Instruction Cycie 


Each operation of the 8X305 is executed in a single in- 
struction cycle. The instruction cycle is internally divided 
into four equal parts — each part being as short as 50 
nanoseconds. Figure 4 shows the general functions that 


aoe INPUT PHASE iy ely PHASE | 


ist 2nd 3rd ath 
QUARTER—| be aoe ae ifm QUARTER- 
50ns 50ns 50ns 


LATCH 1/0 
ENABLING 
ADDRESS OR 
VO DATA INTO 
SELECTED 
PERIPHERAL. 


INPUT 
INSTRUCTION, 
DECODE 
INSTRUCTION 
AND, IF 
REQUIRED, 
FETCH NEW 
DATA 


LATCH AND 
PROCESS 
INPUT DATA 


NEXT 
INSTRUCTION | 
ADDRESS, 
GENERATE 
- CONTROL 
SIGNALS, AND 
SETUP 1/0 
DATA FOR 
OUTPUT 


‘ wer 
Agere 
Notes: STATE) 


1. New instruction must be accepted and latched at end of first quarter cycle. 
2. The I/O data latches are open for the first two quarter cycles, that is, for 100 | 
nanoseconds. 


3. The address changes during third quarter cycle. 
4. IV bus drivers are active (turned cn) during third and fourth quarter cycles. 


Figure 4. Instruction Cycle and MCLK with: Crystal! = 10MHz 
and Cycle Time = 200 nanoseconds. , 


Pe eA ERA SEO EN ANLETEY VERN RICA ATS EEA 
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occur during each quarter cycle; specifics regarding mini- 
mum/maximum timing and other critical values are de- 
scribed later in this data sheet. During the first quarter 
cycle, a new instruction from program storage is input via 
lo-l45 and decoded. If an I/O operation is indicated, new 
data is fetched from a specified internal register or via the 
iV bus. At the end of the first quarter cycle, the new in- 
struction is latched into the instruction register. 


In the second quarter cycle, the I/O input data stabilizes 
and preliminary processing is compieted; at the end of 
this quarter, the IV latches close and final processing can 
be accomplished, thus completing the input phase of the 
instruction cycle. During the third quarter cycle, the ad- 
dress for the next instruction is output to the instruction 
address bus, !V contro! signals are generated, and both 
data and destination are setup for the remainder of the 
output phase. During the fourth quarter cycle, a master 
clock signal (MCLK) generated by the 8X305 is used to 
latch either the !/O-enabling address or the I/O data into 
peripheral devices connected to the IV bus; MCLK can 
also be used to synchronize any external logic with tim- 
ing circuits of the 8X305. To summarize the action, the 
first half of the instruction cycle deals primarily with in- 
put functions and the second half is mostly concerned 
~ with output functions. 


INSTRUCTION SET 


General Format and Operating Principles 


The 16-bit instruction word (ig through I,5) from program 
storage is input to the instruction register (Figure 1) and 
is subsequently decoded to implement the events to oc- 
cur during the current instruction cycle. 


The general format for each instruction word is as fol- 
lows: 


{ MSB LSB 4 


BIT POSITIONS ~— ore |p 456789 10 11 12 13 14 15 


OPCODE | OPERAND(S) 


The 3-bit operation code (OPCODE) define any one of 
eight classes of instructions; variations within each class 
are specified by the remaining thirteen operand bits. The 
eight instruction classes can be separated into two con- 
trol areas — data and program; general functions within 
these areas are: 


e Data Control — 
ADD 
AND Arithmetic and Logic Operations 
XOR 


eee | Movement of Data and Constants 
e Program Control 

XEC 

N2ZT Branch or Test 

JMP 


Instruction Fields 


As shown in Table 1, each instruction word consists of an 
operation code (OPCODE) field and from one to three 
operand fields. The possible operand fields are: Source 
(S), Destination (D), Rotate/Length (R/L), Literal (J), and 
Address (A). The OPCODE and operand fields are de- 
scribed in the paragraphs that follow the tabie. 


Table 1. FUNCTIONAL DESCRIPTION OF INSTRUCTION SET 


INSTRUCTION WORD 


DESCRIPTION 


STATE OF CONTROL SIGNAL | 
DURING INSTRUCTION CYCLE — 
SEE FIGURE 4 


|CONTROL| — INPUT “OUTPUT 
| SIGNAL | PHASE PHASE 


| S=00g-17g 0= 003-07, 119-17, 


died th -to- iV Bus (Note) 
earet 


| S=00g-17g D= 20-375 
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Move content of internal register specified * 
S-field to internal register specified by D-field. 


Prior to the "MOVE" operation, right-rotate con- | 
tents of internal source register by octal value (0 


through 7) defined by the R-field. 


Move contents of internal register specified by the 
S-field to the IV bus. Before outputting on IV bus, 


data is shifted as specified by the least significant | 


octal digit of the D-field and the bits specified by 
the L-field are merged with the latched I/O data. 


| HifD=07g, 17g | 


LitD=209-27g | LitD= 209-27 


{Lit =30g-37g | LifD=30g-37g | 
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Table 1. FUNCTIONAL DESCRIPTION OF INSTRUCTION SET (Continued) 


STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE — 
DESCRIPTION SEE FIGURE 3 


CONTROL INPUT OUTPUT 
PHASE PHASE 


SIGNAL 
L if S = 20g-27, Lif 0=07, 


7 


INSTRUCTION WORD 


CLASS=MOVE OPCODE=0 OPERATION =(S) »D 
IV Bus-to-Register (Note) 


CBee eee noses 


ee a 


S= 203-37, D= 00g-07g, 11g-17g 
IV Bus-to-IV Bus (Note) 


tee ee ee es Oa ne ae tal 
S L D 


OPCODE 


Move right-rotated IV bus (source) data specified by the 
S-field to internal register specified by the N-field The 
L-field specifies the length of source data starting from 
the LSB-position and, if less than 8 bits, the remaining 
bits are filled with zeros. 


Move right-rotated IV bus (source) data specified by the 
S-field to the I/O latches. Before outputting on IV bus, 
shift data as specified by the D-field; then merge source 
and latched I/O data as specified by the L (length) field. 


Lif S=20g-27g | L if D=20g-272 


L if S=30g-37g | Lif D=30g-37, 


Same as MOVE instruction class 


S= 208-378 D= 208-378 


CLASS=ADD OPCODE=1 OPERATION =(S)+(AUX) -D 


Same as MOVE instruction class 


Same as MOVE instruction class except that contents 
of AUX (RO) register are ADDed to the source data. If 
there ia a ‘‘carry’’ from MSB, then R10 (OVF) = 1 
(overflow), otherwise OVF = 0. 


CLASS=AND OPCODE=2 OPERATION =(S) A (AUX) -D 


Same as MOVE instruction class 


Same as MOVE instruction class 


Same as MOVE instruction class except that contents 
of AUX (RQ) register are ANDed with source data. 


CLASS=XOR OPCODE=3 OPERATION =(S) @ (AUX) -~D 


Same as MOVE instruction class Same as MOVE instruction class except that contents Same as MOVE instruction class 
of AUX (RO) register are Exclusively ORed with source 
data. 


CLASS =XEC OPCODE=4 OPERATION = Refer to Description 


Register Immediate Execute instruction at current page address offset by 

fof: f2[s]«][sfe]7]s]e [of fi2]isfra]is) J (literal) i (S). Return to normal instruction flow unless 
a branch is encountered. 

OPCODE Execute instruction at an address determined by replac- 


ing the low-order 8 bits of the Address Register with 
S=00g-17g J=000.-377 
oe i a the following derived sum: 


Value of literal (J-field) plus contents of internal 
register specified by S-fieid 


The PC is not incremented and the overflow status 
(OVF) is not changed. 


IV Bus Immediate (Note) Execute instruction at an address determined by replac- 
ing the low-order 5 bits of Address Register with the 


following derived sum: 

5-bit value of literal (J-field) plus value of rotated 

source data specified by S-field. The L-field specifies 

the iength of source data starting from the LSB posi- 
S = 20g-37g J =00g-37g tion and, if less than 8 bits, the remaining bits are 

filled with zeros; the Program Counter is not incre- 

mented and the overflow status (OVF) is not 

changed. 


CLASS=N2ZT OPCODE=5 OPERATION = Refer to Description 


Register Immediate 
if data specified by the S-field is not equal to zero, jump 
fo} 1} 2] 3]4}sfe]7[e] of sof 19] 12] 13] 14] 15] to current page address offset by value of J-field; other- 


S=00g-17g J=000g-377, If contents of internal register specified by S-field is non- 
zero, transfer to address determined by replacing the 
low-order 8 bits of Address Register and Program 
Counter with ‘'J’’, otherwise, increment PC. 


rc 
ioe] 


LifS= 208-27, 


: 
ae 
rs iE 
sae | 


L if S= 30g-37g 
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Table 1. FUNCTIONAL DESCRIPTION OF INSTRUCTION SET (Concluded) 


INSTRUCTION WORD 


STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE — 
SEE FIGURE 3 


CONTROL INPUT OUTPUT 
SIGNAL PHASE PHASE 


DESCRIPTION 


CLASS=NZT OPCODE=5 OPERATION = Refer to Description 


TV Bus Immediate (Note) 


S=20g-37g J=00g-372 


CLASS=XMIT OPCODE=6 OPERATION=J ~D 


XMIT, Register 
Pods} 2} s{ 4} s] 6] 7 |e] 9) v0) 19) 12] 13] 14] 15] 
forcooef | 


D= 00g-06g, 11g, 14g- 16g J= 0003-377, 


XMIT, IV Bus Address 


ots} 2t sts} s} el 7 |e] of sol ss} v2] 13] 14] 15] 
fonconef ef 
D=07,,17g J=000g-377, 


XMIT 8 Bits Immediate, IV Bus (Note) 
fol fay safe} s}e} 7] s] oso] 1] 12] 13] 14] 15 
forcooep oP 


D= 12g- 13g J= 0003-377, 


XMIT Variable Bit Field Immediate, IV Bus (Note) 


Of 2 eae ee tole epee 
J 


opcone[ | 


a a 


D = 20g-37g J =00g-37g 


If right-rotated and masked IV bus is non-zero, transfer 

to address determined by replacing low-order 5 bits of 
Address Register and Program Counter with ‘‘J’’, other- _— 

wise, increment PC. (The L-field specifies the length LB L if S= 208-27, 
of source I/O data starting from the LSB-position and, 


if less than 8 bits, the remaining bits are filled with 
zeros.) 


Store 8-bit value specified by ‘'J’’ into register specified 
by "Dp". 


Enable I/O device on the bank specified by ‘‘D’’, whose 
address is the 8-bit integer specified by ‘‘J’’. Address 
“J” is stored in register ‘‘D” 


Store value of 8-bit integer in the previously enabled 
V/O port, at the bank destination (CB or RB) specified 
by ‘'D". Contents of R12 or R13 remain unchanged. 


Transmit Least Significant ‘‘L’’ bits of ‘‘J’’ field to 
“'L-bit” field of IV bus specified by ‘‘D”’; if “L" is greated 
than 5 bits, the MSB bits of destination field is filled 


with zeros. Lif D= 20g-278 


L if D= 30-37, 


CLASS=JMP OPCODE=7 OPERATION = Refer to Description 


Address Immediate 


DEBBOBORBOR OnE 
Cs 
A = 00000g- 17777, 


Note: 
So specifies the LSB of rotated input data field 


S$, specifies the bank of IV bus from which source data will be input 


Jump to address in program storage specified by 


A-field; this address is loaded into the Address Register 
and the Program Counter. 


Do specifies bit position in 1/0 device with which LSB of processed data will be aligned and 


D, specifies the bank of IV bus which will be the destination. 


Operations Code Field. The 3-bit OPCODE field specifies 
one of eight classes of 8X305 instructions; octal designa- 
tions for this field and operands for each instruction 


class are shown in the preceding table. 


ly, for whatever operation is defined by the OPeration 
CODE. The “S” and/or ‘‘D” fields can specify an internal 
8X305 register or any one-to-eight bit field within an I/O 
device; octal values and source/destination field assign- 
ments for all internal registers are shown in Table 2. 


Source (S) and Destination (D) Fields. The 5-bit ‘“‘S” and 
“D” fields specify the source and destination, respective- 
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Table 2. 


(AUX)— General 
Sess register 


R1— General purpose 
register 


R5— General purpose 
register 


8X305 


OCTAL ADDRESSES AND SOURCE/DESTINATION FIELDS FOR 8X305 REGISTERS 


R11— General purpose 
register 


R14— General purpose 
register 


R15— General purpose 
register 


R16— General purpose 
ES! 16, 


R7—Special purpose 
register (refer to next 
paragraph) 


Note: 


R17—Special purpose 
register (refer to next 
paragraph) 


R12 and R13 function as general purpose working registers for all operations except transmit (XMIT). During a transmit instruction where R12 or R13 is the destination, the 8-bit 
“J” field is immediately transferred to the !V bus; for this operation, the contents of the designated register remain unchanged. 


In instructions where R7g (IVL) or R17. (IVR) is specified 
as the destination, the 8-bit value is output on the IV bus 
as an I/O device address or memory location; register R7 
selects the Left Bank and register R17 selects the Right 
Bank. The results are also stored into the specified inter- 
nal register (R7g or R17g) and may later be accessed as 
source data. When the IV bus is specified as a source 
and/or destination, the ‘‘S” and ‘‘D”’ fields are split into 
two parts, that is, 
e Source (S)= Sj, Sg and Destination (D) = D;, Dp where, 
So specifies the LSB of rotated input data field 
S, specifies the bank of IV bus from which source data 
will be input 
Dp specifies bit position in 1/O device with which LSB 
of processed data will be aligned and 
D, specifies the bank of IV bus which will be the 
destination 


DESIGNATES LSB OF 
0 DATA— REFER 
TO TEXT DESCRIPTIONS 


DESIGNATES LEFT 
(2) OR RIGHT (3) 
BANK OF IV BUS 


Notes: 
1. The field tength of 0-to-8 bits is specified by the ‘'L”’ field. 
2. For the Right Bank, 30g-37g perform equivalent t/O functions. 


Rotate (R) and Length (L) Field. The 3-bit R/L field per- 
forms one of two functions, specifying either the field 
length (L) for I/O operations or a right-rotate (R) for inter- 
nal operations. For a given instruction, the specified func- 
tion depends upon the contents of the Source (S) and 
Destination (D) fields. 

When an internal register is specified by both the source 
and destination fields, the ‘‘R” field is invoked and it 
specifies a right-rotate of the data specified in the ‘“S” 
field — see accompanying diagram. The source-register 
data (up to 8 bits) is right-rotated during the “input phase” 
of the instruction cycle (Figure 4) and this function is 
always performed prior to any ALU operation. (Note: The 
right-rotate function is implemented on the bus and not in 
the source register.) 


RIGHT-ROTATE FUNCTION 
Bit Position O12 3 4 5 6 7 


When either or both of the source and destination fields 
specify a variable-length I/O data field, the ‘‘L” field speci- 
fies the length of the I/O data field — see following 
diagram. If the source field specifies an IV address 
(203-373) and the destination field specifies an internal 
register (00,-07,, 113-17), the “L” field specifies the 
length of source data; the source data is formed by right- 
rotating the lV bus data according to the source address 
and then masking result as specified by the “L”’ field. If 
length is less than 8 bits, all remaining bits are set to zero 
prior to processing data in the ALU. If the source field 
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specifies an internal register (00g-17,) and the destina- 
tion field specifies IV bus data (20g-37,), the “L” field 
specifies the length of the destination data. To form the 
destination data, the ALU output is left-shifted according 
to the destination address and then masked to the re- 
quired length — see IV DATA LENGTH SPECIFICATION. 
The destination data is merged with data in the I/O 
latches to finalize the IV bus data. Hence, a one-to-eight 
bit destination data field can be inserted into the existing 
8-bit I/O port without modifying surrounding bits. If both 
the source and destination fields specify IV bus data 
(20g-37,), the “L” field specifies the length of both the 
source and destination data. 


IV DATA LENGTH SPECIFICATION 
(No Rotate Function Specified) 


0123 45 6 7 


pale celal cone ed Saas cece aa 
tobi but ue a 


ONODOORWND = 


To form the source data, the IV bus input data is right- 
rotated according to the source address and then masked 
to the required length—see IV DATA LENGTH SPECIFI- 
CATION. If length is less than 8 bits, all remaining bits are 
set to zero before processing in the ALU. To form the 
destination data, the ALU output is left-shifted according 
to the destination address and masked to the required 
length specification. The destination data is then merged 
into the IV bus data that was used to obtain the source; 
thus, if the source and destination addresses are on the 
same bank, the IV bus data written to the destination I/O 
Port appears unmodified, except for bits changed during 
the shift-and-mask operations. If the source and desti- 
nation addresses refer to different banks, the destination 
I/O Port is changed to contain the contents of the source 
I/O Port in those bit positions not affected by the destina- 
tion data. 


J Field. The 5-bit or 8-bit “J” field is used to load a literal 
value (contained in the instruction) into a register, into a 
variable /O data field, or to modify the low-order bits of 
the Program Counter. The bit length of the ‘‘J”’ field is im- 
plied by the “S” and “‘L” fields in the XEC, NZT, and XMIT 
instructions, based on the following conditions: 


e When the Source (S) field specifies an internal register, 
the literal value of the “J” field is an 8-bit binary 
number. 
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e When the Source (S) field specifies a variable I/O data 
field, the literal value of the ‘‘J” field is a 5-bit binary 
number. 


A Field. The 13-bit ‘‘A” field is an address field which 
allows the 8X305 to directly branch to any of the 8192 
locations in Program Storage memory. 


Formation of Instruction Address 


The Address Register and Program Counter are used to 
generate addresses for accessing an instruction from 
program storage. The instruction address is formed in 
one of the following ways: 


e For all except the JMP, XEC, and a “satisfied” NZT 
instruction, the Program Counter is incremented by 
one and placed in the Address Register. 

e For the JMP instruction, the 13-bit “A” field contained 
in the JMP instruction word replaces the contents of 
both the Address Register and the Program Counter. 


e For the XEC instruction, the Address Register is loaded 
with bits from the Program Counter modified as fol- 
lows: | 

XEC using IV Bus Data — low-order 5 bits of ALU 
output replaces counterpart bits in Address Register 
XEC using Data from Internal Register — low-order 8 
bits of ALU output replaces counterpart bits in 
Address Register 
The Program Counter is not modified for either of the 
above conditions. 

e For a “satisfied” NZT instruction, the low-order 5 bits 
(NZT source is IV bus data) or low-order 8 bits (NZT 
source is an internal register) of both the Address Reg- 
ister and Program Counter are loaded with the literal 
value specified by the “J” field of instruction word. 


Data Addressing 


The source and/or destination addresses of the data to be 
operated upon are specified as part of the instruction 
word. As shown earlier, source/destination addresses are 
specified using a 5-bit code (00g-373). When the most sig- 
nificant octal digit is a “0” or “1”, the source and/or desti- 
nation address is an internal register; if the most signifi- 
cant digit is a2 or3, an \V bus operation is indicated — 2 
specifying a Left-Bank (LB) operation and 3 specifying a 
Right-Bank (RB) operation. The least significant octal 
digit (0 through 7) indicates either a specific internal reg- 
ister address or positioning information for the least sig- 
nificant bit when specifying IV bus data. Referring to 
Table 1, AUXiliary register RO (00g) is the implied source 
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of the second argument for the ADD, AND, and XOR oper- 
ations. IVL register R7 and IVR register R17 (destination 
addresses 07, and 17g, respectively) provide a means of 
routing enabling address information to 1/O peripherals. 
With IVL or IVR specified as the destination address, data 
is placed on the IV bus during the output phase of the in- 
struction cycle; simultaneously, a Select Command (SC) 
is generated to inform all I/O devices that information on 
the IV bus is to be considered as an I/O address. Since the 
contents of IViL and IVR are preserved, either register may 
later be accessed as a source of data. 


DESIGN PARAMETERS 


Hardware design of an 8X305-based system largely con- 
sists of the following operations: 


@ Selecting and interfacing a Program Storage device — 
ROM, PROM, etc. 

© Selecting and interfacing input/output devices — RAM, 
Ports, and other 8-bit addressable I/O devices. 


* Choosing and implementing System Clock — Capaci- 
tor-Controiied, Crystal-Controlled, or Externally-Driven. 


¢ Selection of an off-chip series-pass transistor. 


VOLTAGE REGULATOR 


All internal logic of the 8X305 is powered by an on-chip 
voltage regulator that requires an external series-pass 
transistor. Electrical specifications for the off-chip power 
transistor and a typical hook-up are shown in the accom- 
panying diagram. To minimize lead inductance, the tran- 
sistor should be as close as possible to the 8X305 pack- 
age and the emitter should be ac-grounded via a 0.1 
microfarad ceramic capacitor. 


8X305 


Control outputs LB and RB are used to partition /O bus 
devices into two fields of 256 addresses. With LB in the 
active-low state and a source address of 20,-27g, the left 
bank of 1/O devices are enabled during the input phase of 
the instruction cycle. With RB in the active-low state and 
a source address of 308-37, the right bank of devices are 
enabled. During the output phase, LB is low if the destina- 
tion address is 07, or 20g-27g, whereas RB is low if the 
destination address is 17, or 303-373. Each address field 
(LB and RB) can have a different I/O device selected, that 
is, data can be transferred from.a device in one bank toa 
device in the other in one instruction cycle. 


All information required for easy implementation of these 
design requirements is provided under the following 
captions: 

¢ Ordering Information 

* Voltage Regulator 

e DC Characteristics 

¢ AC Characteristics 

e Timing Considerations 

* Clock Considerations 

¢ HALT/RESET Logic 


PARAMETER 


CONDITIONS 


LIMITS 


Vee = 2V; > 50 


100MA < Ic < 500mA 


VBEon 
»—+—«+ YCESAT 
Ae O.1uf Vor 

NOTE: = fy 
Typical approved pans — 2N5320, 2N5337 


BYCEO 


Vor = $V; Ic = 500mA < IV 
ic = 500mA; Ip = 50mA < 0.5V 
> 15V 


> 30MHz 
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DC CHARACTERISTICS (Commercial Part) 4.75v < Voc < 5.25V, 0°C < Ty < 70°C 
ABSOLUTE MAXIMUM RATINGS 


Storage Temperature (Tsjq) ratings are from —65 to + 150°C 


| PIN. | _ DESCRIPTION RATING | UNIT 


| PIN | 
| Vcc Supply voltage | +7.0 
X1, X2 Crystal input voltage 2.0 


TEST CONDITIONS 
Vv High level 
IH input voltage 
V Low level 
iL input voltage 
High level capo _ 
VoH output voltage Voc = min; low = — 3mA 2.4 


Low level Vec = Min; lo, = 6MA 
output voltage Vec= min; lop = 16MA 


| PIN. | _—_—s DESCRIPTION RATING | UNIT | 
All other pins | Logic input voltage Ee 


COMMENTS 


X1 and X2 7 
All other pins 


Xi and X2 
All other pins 


V 
V 


= 
= 
=~ 
n 
NR | 
on 
c 
= 
= 


PARAMETER 


| 
< 
ao) 


Or 
co 


~ 
Eb 


Voc “Supply voltage 


mno|> 


| iss 


Ao through Ayo 
All other outputs 


Vot 


| VorR Regulator voltage 


Crystal inputs X1 and X2 do not 
have internal clamp diodes 


X1 and X2 
All other pins ; 


X1_and X2 
1V0-1V7 
10-115 


| HALT and RESET 


nN 
ou 


Vic ‘Input clamp voltage Veco = min; linj= —10mMA 
I 


High level 
H input current 


Low-level 


= max; V;, = 0.4V 
input current Voc ie 


lie 


Vcc = max; (Note: At any time, no 
more than one output should be 
connected to ground.) 


Short circuit 
OS output current 
cc 


| 
te) 
fo) 


All output pins - 


| Supply current | Voc = Max 
| Max available base drive for 
Ireg Regulator control Vcc = 5.0V — 10 series-pass transistor 
Ty 10" . 
lon Regulator current Voc = max | 4 4 c 
Ta = 0 C 


Notes: 
1. Operating temperature ranges are guaranteed after thermal equilibrium has been reached. 
2. All voltages measured with respect to ground terminal. 


AC CHARACTERISTICS (Commercial Part) CONDITIONS: 4.75V < Voc < 5.25V; 0°C. < Ty < 70°C 


LOADING: (See test circuits) 
LIMITS (INSTRUCTION | LIMITS (INSTRUCTION . 
PARAMETER (Note 1) CYCLE TIME = 200ns) CYCLE TIME > 200ns) — COMMENTS | 


Processor cycle time 


Top X1 clock period 100 


Toy Xt clock high time 50 p-—— oe oe ie 
Tey X1 clock low time SO 50 
Tuc MCLK low delay | 15 | 40 15 40 


Ty  MCLK pulse width | 40 | | 60 | Tyq- 10 ee Tag + 10 | | Note 2 


Min Typ Max 


: ‘ | z, T 
Output driver turn on time 425 445 1Q+ 


T | Note 9 
MODS MCLK falling edge | | Taq + 25 = 
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AC CHARACTERISTICS (Commercial Part) CONDITIONS: 4.75V < Voc < 5.25V;0°C < T, < 70°C 


(Continued) LOADING: (See test circuits) 
LIMITS (INSTRUCTION LIMITS (INSTRUCTION) 
PARAMETER (Note 1) CYCLE TIME = 200ns) CYCLE TIME > 200ns) UNITS | COMMENTS 
Output driver turn-on time 
T /O port output enable time 30 
Ic (LR/RB to valide IV data input) 
|Twas  MCLK falling edge to address stable ae 140 Ft i ee js | Notes 2,3 & 4 
20 
Tmis MCLK falling edge to instruction stable PF 80g = 20) ns Notes 2 & 10 
Instruction hold time 
MCLK falling edge to SC/WC Tigt Tigt 
MWH rising edge _ L lee Tag + 25 Noles 
MCLK falling edge to SC/WC 15 5 15 ae 
Tw falling edge 
MCLK falling edge to LB/RB 
MCLK falling edge to LB/RB Tigt Tigt 
20°" 
Input data hold time Tig+ 
MON (MCLK falling edge = oe 
Output data hold time 
| Tiqgt Tigt | 
Tuops Output data stable (MCLK falling edge) 130 150 Tom + 30 Tog + 50 | Note 2 
2Q 2 


NOTES: 

1. X1 and X2 inputs are driven by an external pulse generator with an amplitude of 1.5 volts; all timing parameters are measured at this voltage level. 

2. Respectively, T1Q, Taq, T3q, and Taq represent time intervals for the first, second, third, and fourth quarter cycles. 

3. Capacitive loading for the address bus is 150 picofarads. 

4. Twas is obtained by forcing a valid instruction and an I/O bus input to occur earlier than the specified minimum set up time. 

5. Tia is obtained by forcing a valid instruction input to occur earlier than the minimum set up time. 

6. Tiya is obtained by forcing a valid 1/O bus input to meet the minium set up time. 

7. Twigs represents the setup time required by internal latches of the 8X305. In system applications, the instruction input may have to be valid before the worst-case set up time in 
order for the system to respond with a valid 1/O bus input that meets the 1/O bus input set up time (Tips and Tyips)- 

. TmIH represents the hold time required by internal latches of the 8X305. To generate proper LB/RB signals, the instruction must be held valid until the address bus changes. 

. The minimum figure for these parameters represents the earliest time that I/O bus output drivers of the 8X305 will turn on. 

10. This parameter represents the latest time that the output drivers of the input device should be turned off. 


© @ 
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TEST CIRCUITS 


ADDRESS OTHER 
ADDRESS 5V 


781) 2320) 


OUTPUT OUTPUT 
UNDER TEST UNDER TEST 


ABSOLUTE MAXIMUM RATINGS ‘Storage Temperature (Tg7¢) ratings are from — 65 to + 150°C 
PIN DESCRIPTION RATING UNIT PIN | DESCRIPTION RATING UNIT | 
Voc Supply voltage Logic input pins | 5.5 | Vi | 
X1, X2 Crystal input voltage ; | 


DC CHARACTERISTICS (Military Part) 4.5v < Voc < 5.5V, —55°C < To < +125°C 


LIMITS 
PARAMETER TEST CONDITIONS COMMENTS 
| Voc Supply voltage 
Vin High level input voltage . cre ain 
Vin Low level input voltage a aetna 


Von High level output voltage Veco = Min; low = —3MA 


Low fevel output 


V Veco = Min; lo, = 6MA 
OL voltage 


Voc = min; low = 16mA 


Ao through Ao 

Ail other outputs 

To = — 55°C 

To= 0°C 

To = 125°C 

Crystal inputs X1 and X2 | 


do not have internal 
clamp diodes. 


X1 and X2 
All other pins 


X1 and X2 
1V0-1V7 

| 10-115 
HALT and RESET 


Vor Regulator voitage Voc =5V 


Vic input clamp voltage Veco = Min; lin = — TOMA 


Vin = 0.6V 


| tiny High level input current | Voc = Max Vin = 4.5V 


thie Low-level input current Veco = Max; Vj, = 0.4V 


Voc = Max; (Note: At any time, 
no more than one output should | 
be connected to ground.) 


Short circuit output 


los current | All output pins 


To = 125°C. 


loc . Supply current Voc = max To= - 55°C 
Max available base drive 
meg. «Heguiator contol Meg 2 0N. | for series-pass transistor 
i oh eerie iia To = 125°C _ | 
| Regulat = ea 
i CR egula y: Voc = Max | To= - 55°C _ 
NOTES: 


1. Operating temperature ranges are guaranteed after thermal equilibrium has been reached. 
2. All voltages measured with respect to ground terminal. 
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AC CHARACTERISTICS (Military Part) CONDITIONS: 4.5V < Voc < 5.5V; — 55°C < Te < 125°C 
LOADING: (See test circuits) 


LIMITS (INSTRUCTION LIMITS (INSTRUCTION) 
PARAMETER (Note 1) CYCLE TIME = 250ns) CYCLE TIME > 250ns) UNITS | COMMENTS 


Typ 
62 


p=) 
on 


i 
“< 
ne] 


o}i= 
N 
Go 


T Input data hold time 140 
MIDH = (MCLK falling edge 


) 
T Output data hold time 141 
MODH (MCLK falling edge) 
1 Output data stable 150 
MODS (MCLK falling edge) | 


NOTES: 
1. X1 and X2 inputs are driven by an external pulse generator with an amplitude of 1.5 volts; all timing parameters are measured at this voltage jevel. 
. Respectively, T1Q, Taq, T3q, and T4q represent time intervals for the first, second, third, and fourth quarter cycles. 
. Capacitive loading for the address bus is 150 picofarads. 
. TMAS is obtained by forcing a valid instruction and an I/O bus input to occur earlier than the specified minimum set up time. 
. Tia is obtained by forcing a valid instruction input to occur earlier than the minimum set up time. 
- Tiva is obtained by forcing a valid I/O bus input to meet the minium set up time. 
- Twis represents the setup time required by internal latches of the 8X305. In system apptications, the instruction input may have to be valid before the worst-case set up time in 
_ order for the system to respond with a valid I/O bus input that meets the I/O bus input set up time (Tips and Tyyps)- 
8. Tay represents the hold time required by internal latches of the 8X305. To generate proper LB/RB signals, the instruction must be held valid until the address bus changes. 
9. The minimum figure for these.parameters represents the earliest time that I/O bus output drivers of the 8X305 will turn on. 
10. This parameter represents the jatest time that the output drivers of the input device should be turned off. 


Note 2 


Tor X1 clock low time 62 ns 
Output driver turn-on time | 
Output driver turn-on time 

Toy (SCIWC rising edge) ey Fe jn | Note 10 
/O port output enable time | 

Tuas, MEK Telling edge'to adaress stapié a 160 az iat SS Notes 2,3 & 4 

2Q 

Instruction hold time 
MCLK falling edge to SC/WC | one 

TMWH  tiging edge 127 ae 154 me ) Note2 | 
MCLK falling edge to SC/WC 
falling edge ce fete] | 
MCLK falling edge to LB/RB 
MCLK falling edge to LB/RB Tigt 

Tmuiog MCLK faling edge to input data stable Es 


—_ 
& 
© 
a 
es 
4 0 
np + 
ou) 
— 
oe 
+ 
owt 
oa 


NOm FP WD 
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TIMING CONSIDERATIONS (Commercial Part) 


As shown in the AC CHARACTERISTICS table for the 
commercial part, the minimum instruction cycle time is 
200 nanoseconds; whereas, the maximum is determined 
by the on-chip oscillator frequency and can be any value 
the user chooses. With an instruction cycle time of 200 
nanoseconds, the part can be characterized in terms of 
absolute values; these are shown in the first “LIMITS” 
column of the table. When the instruction cycle time is 
greater than 200 nanoseconds, certain parameters are 
cycle-time dependent; thus, these parameters are speci- 
fied in terms of the four quarter cycles (Tq, T2q, T3q, and 
T4q) that make up one instruction cycle — see 8X305 TIM- 
ING DIAGRAM. As the time interval for each instruction 
cycle increases (becomes greater than 200 nanoseconds), 
the delay for all parameters that are cycle-time dependent 
is likewise increased. In some cases, these delays have a 
significant impact on timing relationships and other 
areas of systems design; subsequent paragraphs 
describe these timing parameters and reliable methods 
of calculation. 


ietZ 


lo-lis 


~~ 


{ 
| 
| 
| 
| 
pane 1 
LB, RB} 
| 
| 
| 


1Vo-lV7! 


@) MCLK to LB/RB (input phase) or 
instruction to LB/RB (input phase). 


Q@) WO port access (TIO). 


© WV data set-up time (referenced to 
MCLK). 


a. Condition #1 


b. Condition #2 


Timing parameters for the 8X305 are normally measured 
with reference to MCLK. 


System determinants for the instruction cycle time are: 
e Propagation delays within the 8X305 

e Access time of Program Storage 

e Enable time of the I/O port 


Normally, the instruction cycle time is constrained by one 
or more of the following conditions: 


Condition 1 — Instruction or MCLK to LB/RB (input 
phase) plus I/O port access time (TIO) < 
IV data set up time (Figure 5a). 
Program storage access time (TACC) 
plus instruction to LB/RB (input phase) 
plus I/O port access time (TIO) plus IV 
data (input phase) to address < instruc- 

~ tion cycle time (Figure 5b). 

Program storage access time plus in- 
struction to address < instruction cycle 
time (Figure 5c). 


Condition 2 — 


Condition 3 — 


Wi Cai 


| 
1 
1 
Pot « ! 
| | INSTRUCTION; ! 
1 1 
{ i 
| | 


| 
| 
l 
t 
'TO ADDRESS: ! 
—' 1” PROGRAM 
STORAGE 
ACCESS 


@) Program storage access time. 


@ MCLK to LB/RB (input phase) or 
instruction to LB/RB (input phase). 


@ WO port access (TIO). 
® 1 data (input phase to address. 


c. Condition #3 


Figure 5. Constraints of 8X305 Instruction Cycle Time 
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8X305 TIMING DIAGRAM 


ADORESS 
(Ao-A12) 


INSTRUCTION 
(lo-115) 


INDICATES CHANGING DATA 


EY INDICATES 3-STATE 


Note: 

For an instruction cycle time greater than 200 na, 
the 1/O bus can be stable sometime within the 
third quarter (T3qQ) cycle. 


eteteteteteletereretetens 
Be OOOOOn 
 tateteteteteteteroreeres 
eoeeeeooeeoeeo: 


| ' 
INPUT PHASE» OUTPUT PHASE ———> 
seastan reg sates address ! MCLK high > | 
| 


~—1——_—--—_—_— [5, RB set for input date 
| t 

| { 
i] 


! ; : 
be. 1/0 drivere three-state —————— 1/0 drivers active If output data or 
i 


| : address to 1/0 BUS; three-state otherwise 


pea vo receivers open | | | 
- op ae 1/0 bus stable —3> 
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From condition #1 and with an instruction cycle time of 
200ns, the I/O port access time (TIO) can be calculated as 
follows: 
TMIBS + TIO < TMIDS 
transposing, TIO < TMIDS=TMIBS 
substituting, TIO < 55ns— 25ns 
result, TIO < 30ns 


Using 30ns for TIO, the constraint imposed by condition 
#1 can also be used to calculate the minimum cycle time: 

TMIBS + TIO < TMIDS 

thus, 25ns+ 30ns < T1qQ+Toq— 45 

25ns+30ns < 1/2 cycle—45 therefore, 
the worst-case instruction cycle time is 200ns. With sub- 
ject parameters referenced to X1, the same calculations 
are valid: 


TIBS + TIO+TIDS < 1/2 cycle 
thus, 45ns+ 30ns+25ns < 1/2 cycle therefore, 
the worst-case instruction cycle time is again 200ns. 
From condition #2 and with an instruction cycle time of 
200ns, the program storage access time can be 
calculated: 

TACC + TIIBS + TIO+ TIVA < 200ns 
transposing, TACC < 200ns — TIIBS — TIO— TIVA 
substituting, TACC < 200ns — 25ns — 30ns — 85ns 

thus, TACC < 60ns hence, for an instruction 
cycle time of 200ns, a program storage access time of 
60ns is implied. The constraint imposed by condition #3 
can be used to verify the maximum program storage ac- 
cess time: 

TIA+ TACC < Instruction Cycle 

thus, TACC < 200ns — 140ns 
and, TACC <60ns, confirming that a program 
storage access time of 60ns is satisfactory. 


For an instruction cycle time of 200ns ard a program stor- 
age access time of 60ns (Condition #2/Figure 5b), the in- 
struction should be valid at the falling edge of MCLK. This 
relationship can be derived by the following equation: 
200ns ~ TMAS ~ TACC 
200ns — 140ns — 60ns 

Ons 


It is important to note that, during the input phase, the 
beginning of a valid LB/RB signal is determined by either 
the instruction to LB/RB delay (TIIBS) or the delay from 
the falling edge of MCLK to LB/RB (TMIBS). Assuming the 
instruction is valid at the falling edge of MCLK and 
adding the instruction-to-LB/RB delay (TIIBS = 25ns), the 
LB/RB signal will be valid 25ns after the falling edge of 
MCLK. With a fast program storage memory and with a 
valid instruction before the falling edge of MCLK — the 
LB/RB signal will, due to the TMIBS delay, still be valid 
25ns after the falling edge of MCLK. Using a worst-case 
instruction cycle time of 200ns, the user cannot gain a 
speed advantage by selecting a memory with faster 
access time. Under the same conditions, a speed advan- 
tage cannot be obtained by using an I/O port with fast ac- 
cess time (TIO) because the address bus will be stable 


August 1985 


55ns (TAS) after the beginning of the third quarter cycle 
— no matter how early the IV data input is valid. 


CLOCK CONSIDERATIONS 


The on-chip oscillator and timing-generation circuits of 
the 8X305 can be controlied by any one of the following 
methods: 
Capacitor — if timing is not critical 
Crystal — if precise timing is required 
External Drive — if application requires that the 8X305 
be driven from a system clock 


Capacitor Timing. A non-polarized ceramic or mica 
capacitor with a working voltage equal to or greater than 
25 volts is recommended. The lead lengths of capacitor 
should be approximately the same and as short as possi- 
ble; also, the timing circuits should not be in close prox- 
imity to external sources of noise. For various capacitor 
(Cy) values, the cycle time can be approximated as: 


Cx (in pF) APPROXIMATE CYCLE TIME 


Crystal Timing. When a crystal is used, the on-chip 
oscillator operates at the resonant frequency (f,) of the 
crystal; the series-resonant quartz crystal connects to the 
8X305 via pins 10 (X1) and 11 (X2). The lead lengths of the 
crystal should be approximately equal and as short as 
possible; also, the timing circuits should not be in close 
proximity to external sources of noise. The crystal should 
be hermetically sealed (HC type can) and have the follow- 
ing electrical characteristics: 

Type — Fundamental mode, series resonant 

Impedance at Fundamental — 35 ohms maximum 

Impedance at Harmonics and Spurs — 50 chms 

minimum 

The resonant frequency (f,) of the crystal is related to the 
desired cycle time (T) by the equation: f,=2/T; thus, fora 
cycle time of 200 nanoseconds, f,= 10MHz. 


HALT Logic 


The HALT signal is sampled via internal chip logic at the 
end of the first internal quarter of each instruction cycle. 
If, when sampled, the HALT signal is active-low, a halt is 
immediately executed and the current instruction cycle is 
terminated; however, the halt cycle does not inhibit 
MCLK nor does it affect any internal registers of the 
8X305. As long as the HALT line is active-low, the SC and 
WC lines are low (inactive), the Left Bank (LB)/Right Bank 
(RB) signals are high (inactive), and the IV bus remains in 
the three-state mode of operation. Normal operation 
resumes at the next cycle in which HALT is high when 


sampled — see HALT TIMING DIAGRAM. 


Microcontroller 


HALT TIMING DIAGRAM 


[At HALT CYCLE =~ | 
| | 
4 1 2 3 4 1 4 2 3 4 ! 2 3 4 
—m| 0 |ate THH 


Note 1 | Note 2 
/ pe 7 
TR nn a AAA SO LEL LLL LLL LL LA LAL 
VAN N NNN NAN NUNN NANNAA 1 Aa A Ae Aa A ee A A A A A A A A A 
NUNN NUN NAN NN VAN NNANYN NSLP SISA TELAT 


SEELEY +H ASL AA A A A ot wed AA ed at 


; | 
TMHS —-/ |~<—— | 


iV-Bus Oy, 
Up 


OUTPUTS 


Notes: 

1. The HALT signal can switch from High to Low at any time during this intarvai. Tp44— hold time from X1 to HALT (independant of inatruction cycle time) 

2. The HALT signal can switch from Low to High at any time during this interval. TMHS— 88t-up time from MCLK to HALT (dependent upon instruction cycte time) 
Timing Descriptions: Tagegy—hold time from MCLK to HALT (dependent upon instruction cycle time) 


THs— set-up time from HALT to X1 (independent of instruction cycle time) 


INTERNAL 
QUARTER-CYCLES 


INSTRUCTION 7 
lo-l15 


Matececttosteseetenane 
‘eraretenecea tetera: 


Figure 7. Timing Relationships of 686X305 I/O Signals 
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Using an External Clock. The 8X305 can be synchronized 
with an external clock by simply connecting appropriate 
drive circuits to the X1/X2 inputs. Figure 8 shows how the 
on-chip oscillator can be driven from the complementary 
outputs of a pulse generator. In applications where the 
MicroController must be driven from a master clock, the 
X1/X2 lines can be interfaced to TTL logic as shown in 
Figure 9. 


PULSE 
GENERATOR 


8X305 
MICROCONTROLLER 


PULSE GENERATOR CHARACTERISTICS: 


Zour = 500 
RISETIME < 10ns 


Vout = 0-1 VOLT 
SKEW <1t0ns 


gel LS LS 


8X305 
MICROCONTROLLER 


sical Eee fag Ses a Ls 


e = OPEN COLLECTOR 


TTL DRIVER CHARACTERISTICS: 
FALL TIME < 10ns 


SKEW BETWEEN COMPLEMENTARY OUTPUTS 
=10ns 


Figure 9. Clocking with TTL 


RESET TIMING DIAGRAM 


iV-aus ae elgg eee 
OUTPUTS | 7 oes 


CLK —p» 
Notes: 


configuration. 
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 3STATE 


Nery 


{$$$ ______ 


1, A High to Low transition of the RESET signal will force the Address Bus to an aill-zero 2. The RESET signal can switch trom Low to High at any point within this time interval and, 


_ RESET Logic 


RESET (pin 43) can be driven from a high (inactive) state 
to a low (active) state at any time with respect to the 
system clock, that is, the reset function is asynchronous. 
To ensure proper operation, RESET must be heid low 
(active) for one full instruction time. When the line is 
driven from a high state to an active-low state, several 
events occur — the precise instant of occurrence is 
basically a function of the propagation delay for that par- 
ticular event. AS shown in the RESET TIMING DIAGRAM, 
these events are: 


e The Program Counter and Address Register are set to 
address zero and remain in that state as long as the 
RESET line is low. Other than PC and AR, RESET does 
not affect other internal registers. 

e The input/output (IV) bus goes three-state and remains 
in that condition as long as the RESET line is low. 

e The Select Command and Write Command signals are 
driven low and remain low as long as the RESET line is 
low. 

e The Left Bank/Right Bank (LB/RB) signals are forced 
high asynchronously for the period in which the RESET 
line is low. | 3 

During the time RESET is active-low, MCLK is inhibited; 

moreover, if the RESET line is driven low during the last 

two quarter cycles, MCLK may be shortened for that par- 
ticular machine cycle. When RESET line is driven high 

(inactive)— one quarter to one full instruction cycle later, 

MCLK appears just before normal operation is resumed. 

The RESET/MCLK relationship is clearly shown by ‘‘B” in 

the timing diagram. As long as the RESET line is active- 

low, the HALT signal (described next) is not sampled by 
internal logic of the 8X305. 


RESUME NORMAL OPERATION 


jade 9 a 


in all cases, MCLK will occur at least.one-quarter cycle time later as shown. 


INTERRUPT CONTROL COPROCESSOR 


FEATURES 


e Three prioritized interrupts 


Subroutine handling capabilities 

4-level LIFO stack for return address storage 
Interrupt masking by software and hardware 
Stack full flag 

Directly compatible with 8X305 MicroController 


Bipolar ISL (Integrated Schottky Logic) and low-power 
Schottky technology 


Single +5 volt power supply 
0.6 inch, 40-pin DIP 


PRODUCT DESCRIPTION 


The Signetics 8X310 Interrupt Control Coprocessor (ICC) 
supports the 8X305 MicroController in systems that are 
interrupt driven and those that require subroutine handling 
Capabilities. 


As shown in Figure 1, the ICC provides three prioritized 
interrupt request lines, INT O (highest priority), INT 1 and 


lo-lis 


INSTRUCTION 
BUS 


INTO 


INT 1 -—————-—— § 


INT 2 


INTERRUPT 
DISABLE 


MCLK 


# lo-ls 


PROGRAM MEMORY 


ROM 
DISABLE 


8X305 , 
MICROCONTROLLER **?{ 


8X310 


Originally published by Signetics January 1984 


INT 2. A low-to-high transition applied to any of these input 
lines latches in an interrupt request which may be serviced 
when sampled by the ICC once each instruction cycle of 
the MicroController. When an interrupt request is serviced, 
the ICC forces the MicroController to jump to one of three 
fixed locations in program memory; instruction addresses 4, 
5, and 6 correspond to INT 0, INT 1 and INT 2. At each of 
these addresses, the user programs a JMP instruction to 
another address where the user’s interrupt service routine 
begins. 


During interrupt servicing, the ICC also stores the proper 
return address into a four deep, Last-In-First-Out (LIFO) 
stack. At the conclusion of the interrupt service routine, the 
user program instructs the ICC to return to the main pro- 
gram at the location previously stored in the stack. The 
return operation is implemented by coding a special 
RETURN instruction which is decoded directly off the 
instruction bus by the ICC. There are five such special 
instructions relating to interrupt and subroutine handling 
functions performed by the ICC. These instruction codes 
are all treated as non-operational instructions (NOPs) by the 
MicroController. 


Ao-A12 | 


AODRESS 
BUS 


—————m STACK FULL 


8X310 


INTERRUPT CONTROL 
COPROCESSOR 


_ . SYSTEM INTERFACE !V BUS 


Figure. 1. Typical System Connections Using ICC 
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An internal one-bit mask is used to inhibit interrupt servic- 
ing. Whenever the mask is set, the ICC does not respond to 
any pending interrupt requests; however, any requests 
remain latched for future servicing. The mask can be set 
and cleared either by the user program or automatically dur- 
ing certain ICC functions. The special instructions SET 
MASK and CLEAR MASK are provided for user control. The 
Interrupt Disable input aiso inhibits interrupt request 
servicing. 


The ICC provides a facility for implementing subroutines in 
the user program. A special PUSH instruction directs the 


8X310 PACKAGE AND PIN DESIGNATIONS 


N, | PACKAGE 


GND Vec 
A7 Uj 2 |] Ag 
Ac (} |} Ag 
As] t} Aro 
At] wad An 
43] 0 PI Ay2 
aT] p- & 0 ALT 
Ay za 4 ID 
Aol] oO * As STF 
INT 0 ~ ae Ss) RD 
INT 10 <~aAa0O 9 30f)Mcik 
INT 2] o>7n lis 
to oy 5 28 C] ty, 
O Li \ 
Rt é = is 
= 42 
CJ hate 25 OC) a4 
ro 244 J lio 


TOP VIEW 


ORDER NUMBERS 


N8X310N, N8X310I 
$8X3101/883B, S8X3101/883C 


Pin 

No. identifier Function 

1,20 GND Ground. (Note: The printed circuit 
board should not use the |CC as a 
bridge for external ground.) 

2-9, A7-Ao, Program address input lines from 

35-39 Ai2-Ag MicroController. Active high. Ao is 
MSB. 

10-12 INT O-INT 2 Interrupt request input pins. INT 0 has 


the highest priority and INT 2 the 
lowest — Edge-triggered on a low-to- 
high transition. 


Na UP rn ets: AS EP I HO 


emcee CAREER Cs NR A VERA 
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ICC to store the return address into the stack in a manner 
similar to interrupt servicing. The jump to the subroutine, 
however, is performed by the user program. Subroutines 


may be nested (called from within other subroutines) 
depending on remaining vacancies in the four deep stack. 


in general, the ICC adds some useful and very flexible facili- 
ties to the 8X305-based system. !t offers both hardware and 
software capabilities that can improve efficiency and 
decrease program size. These features, from both a chip 
and system aspect, are described in subsequent 
paragraphs. 


13-19, lo-le, 
21-29 17-115 


Bidirectional instruction bus; lo is 
MSB. When acting as an input, the 
ICC decodes the instruction flow 
(binary pattern on lo-l15) between 
program storage and the 
MicroController. During an interrupt 
or return cycle, the ICC outputs a 
JMP instruction to the 
MicroController via these lines —refer 
to FUNCTIONAL OPERATION of 
ICC. 


Master CLocK — active high input 
from 8X305 MicroController used for 
a timing reference and system 
synchronization. 


ROM (or PROM) Disable — active 
high output used to disable normal 
program storage so that the ICC can 
force an instruction to the 
MicroController. 


30 MCLK 


32 STF STack Full — active high output. 
When the LIFO stack is full, STF goes 
high and remains high until at least 
one register in the 4-level stack is 


empty. 


33 ID Interrupt Disable — active high. When 
this input pin is driven high, servicing 


of all interrupt requests is suspended. 


34 HALT Active low output. Suspends all 
processing operations of the 
MicroController during period when 
the source of instruction data is 
changing between the ICC and 


program storage. 
40 Voc 


+5 volt power supply. 


Interrupt control coprocessor 


FUNCTIONAL OPERATION 

Basic Functions 

The !CC performs the three general functions indicated 
below. 


Function 1: Provides a means for the 8X305 MicroController 
to respond to interrupt requests by diverting the program 
flow of the 8X305 MicroController to the proper interrupt 
service routine or, in the case of a subroutine, the ICC 
stores the return address in the 4-level LIFO stack (Figure 
2). 


Function 2: Returns the user to the proper point in the main 
program for both interrupt and subroutine activities. 


Function 3: Provides both automatic and programmed 
masking capabilities. 


Interrupt Requests and Priority Considerations 

An interrupt is requested when any one of the ICC input 
pins INT 0, INT 1, or INT 2 undergoes a low-to-high transi- 
tion; this request is temporarily stored in an _ internal 
edge-triggered latch that corresponds to the affected inter- 
rupt input. The interrupt request latches are part of the 
Priority and Mask Logic shown in Figure 2. Unless masked 
or otherwise disabled, the ICC samples these latches once 
each instruction cycle. Any or all of the latches may be set 
when sampled by the ICC; however, only the interrupt of 


4-LEVEL 


LIFO STACK 


CICACICICICICRCICIGRGIORGIGIG 
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highest priority will be serviced — the remaining interrupts 
will be held in queue. Thus, if INT 0, INT 1 and INT 2 simul- 
taneously compete for service, INT O is the first to be 
serviced followed, in order, by INT 1 and INT 2: likewise, if 
INT 1 and INT 2 compete for service, INT 1, being of higher 
priority will be serviced first. The CLEAR INTERRUPT 
instruction resets all interrupt request latches without affect- 
ing an interrupt service routine that is already in progress. 


The highest priority interrupt request will be serviced when 
sampled by the ICC provided interrupts in general are not 
inhibited and a previous interrupt of equal or higher priority 
is not currently being serviced. The general masking of 
interrupts is discussed later. To determine priorities, the 
ICC keeps track of any interrupt that is serviced until the 
corresponding service routine returns. A subsequent 
interrupt request may interrupt a service routine in progress 
only if it is of a higher priority than that of the current 
interrupt being serviced. If, for example, INT 1 is requested 
and serviced, then before its service routine finishes, a 
request on INT O can be serviced as a second level 
interruption. However, a request on INT 2 or a second 
request on INT 1 must wait until the original INT 1 service 
routine returns. The interrupt service routine that was inter- 
rupted will resume execution at the point of interruption 
when the higher priority service routine returns (i.e. in the 
same manner as when returning to the main program). 


INSTRUCTION 


DRIVERS 


CILLA 


INSTRUCTION 
RECEIVERS 
AND DECODE 


CONTROL 
LOGIC 


INTERNAL CHIP 
CONTROL 


Figure 2. 8X310 Interrupt/Control Coprocessor — Functional Block Diagram 
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Interrupt Servicing 


Interrupts are sampled only at the conclusion of an instruc- 
tion cycle while the next instruction is being fetched from 
Program Memory. 


When an interrupt request is serviced, the following general 
steps are performed: 


e Address of the instruction that would normally be exe- 
cuted next is pushed into the 4-level LIFO Stack (Figure 
2) for subsequent return to the main program. 


e The ICC disables program storage and forces a JMP 
instruction onto the Instruction bus of the 8X305 Micro- 
Controller. (Note: Because of timing considerations, the 
HALT signal is driven low to suspend operation of the 
MicroController for one instruction cycle; this permits 
the source of instruction data to change from program 
storage to the ICC without conflict.) The JMP instruction 
from the ICC transfers the MicroController to one of the 
three fixed program locations shown below. In each of 
these addresses, the user will normally store a JMP 
instruction to the interrupt service routine for that partic- 


JMP MAIN 
JMP SERVO 
JMP SERV1 
JMP SERV2 
(any) 


MAIN R6,R6 


(any) 

e 

e 
MOVE R6,R6 
(any) 

e 


MOVE R6,R6 
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ular interrupt. Details of these operations are described 
later. 
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Return from Interrupt Service Routine 

Upon completion of the interrupt service routine, the user 
codes the special RETURN instruction. When executed, the 
ICC performs the following steps 


The return address is popped from the LIFO stack. 


The ICC disables program storage and forces a JMP 
instruction onto the MicroController instruction bus with 
the return address from the stack. (The HALT signal is 
driven low for one instruction cycle.) 


The JMP instruction from the ICC transfers the Micro- 
Controller to the instruction that was about to execute at 
the time the interrupt was taken . 


A typical structure for a user program which handles inter- 
rupts is shown in the following example: 


Comment 


First instruction executed after system reset 


Jump around interrupt vector locations. 


Service INT 0 interrupt. 
Service INT 1 interrupt. 
Service INT 2 interrupt. 
Continue main program. 


Begin INT 0 service routine. 


ICC RETURN instruction. End INT 0 service 
routine (resume main program execution). 


Begin INT 1 service routine. 


RETURN from INT 1 service routine. 


Begin INT 2 service routine. 


RETURN from INT 2 service routine. 


Interrupt control coprocessor 


Instruction Set 


The five instructions shown in Table 1 allow the user to effi- 
ciently manage both the interrupt and subroutine 
capabilities of the ICC in an 8X310/8X305-based system. 
When an ICC instruction appears in the program, it is inter- 


Table 1. INSTRUCTION SET FOR ICC 


instruction Codes 


5 = LSB 
000 00101 O00 00101 


lo = MSB 


SET MASK MOVE R5,R5 


CLEAR MASK MOVE R4,R4 


RETURN 


MOVE R6,R6 


MOVE R3,R3 


CLEAR 
INTERRUPT 


MOVE R2,R2 


Interrupt Masking Operations 


Certain operations performed by the ICC and also some 
system considerations require that program execution not 
be interrupted for a specified interval of time. The servicing 
of interrupts by the ICC can be inhibited in a number of 
ways. Any time interrupts are inhibited, the ICC ignores any 
latched interrupt requests. However, the interrupt request 
latches are not cleared so that any previously pending 
requests remain latched. Also, during an interval when 
interrupt servicing is inhibited, any new interrupt signals 
received will get latched. As soon as interrupt servicing is 
enabled, any latched requests can be serviced on a priority 
basis. 


The primary means of inhibiting interrupt servicing is the 
internal one-bit mask (latch). This mask can be set (to inhibit 
interrupts) or cleared under control of the user program 
using the special ICC instructions SET MASK and CLEAR 
MASK — See Table 1. With these instructions, segments of 


000 00100 000 00100 


000 00110 000 00110 


000 00011 000 00011 


000 00010 000 00010 


preted as a NOP by the 8X305 but is captured and decoded 
by the ICC to perform the desired function. The capture- 
and-decode functions of the chip are automatic. Assembly 
and object codes for each ICC instruction are shown in 
Table 1. 


8X305 
Operation 


Description 
of ICC Operation 


When executed, sets 
interrupt mask, thus 
inhibiting all interrupt 
servicing. 


When executed, clears 
interrupt mask for all 
interrupts 


When executed returns 
program to address at 
top of LIFO stack. 


Pushes “address + 2” 
onto stack if PUSH is 
programmed on odd 
address in program 
memory and “address + 
1” if PUSH is 
programmed on even 
address. 


Clears all interrupt 
requests; an interrupt 
service routine that is tn 
progress is unaffected. 


the user program can be isolated so as to proceed without 
interruptions. Frequently, uninterruptable segments are 
needed at the very beginning of the user program (initializa- 
tion routine) and at the beginning of, or throughout an 
interrupt service routine. To facilitate this, the |CC automat- 
ically sets the mask whenever the MicroController executes 
address zero (typically resulting from a system reset) and 
whenever the !CC services an interrupt. The ICC also auto- 
matically clears the mask after performing a RETURN 
operation from an interrupt service routine; a RETURN from 
a subroutine does not affect the status of the interrupt 
mask. 


The Interrupt Disable (ID) input pin may also be used to 
inhibit interrupt servicing. Interrupt servicing remains dis- 
abled as long as a high level is applied to the input. The ID 
input has no effect, however, on the status of the internal 
interrupt mask. 
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To ensure proper program flow, the |CC suspends interrupt 
servicing momentarily during certain situations. During the 
cycle in which the MicroController encounters an XEC 
(Execute) instruction an interrupt will not be serviced. This 
is because the XEC causes the MicroController to issue an 
address of an instruction to be executed out of the 
sequence of normal program flow. This would not be a valid 
address. | 


interrupts are also suspended during execution of a PUSH 
or RETURN instruction and the instruction immediately fol- 
lowing. This ensures proper operation of the LIFO stack. In 
addition, no interrupts are latched or serviced and no spe- 
cial ICC instructions are decoded at address zero which 
resets the ICC. 


Subroutine Calling 

The ICC provides for subroutine calling by storing the 
proper return address into the LIFO stack under control of 
the user program. Two instructions are required to imple- 
ment a subroutine call — a PUSH instruction executed by 
the ICC and a JMP to the subroutine executed by the 
MicroController. The PUSH instruction is normally pro- 
grammed at an odd-numbered address in program memory 
immediately followed by the JMP. When the PUSH instruc- 
tion is executed, the ICC finds the address of the next 
instruction (JMP to subroutine) on the MicroController’s 
address bus. internally changes the least-significant bit to 
one (effectively adds one to the address) and stores this 
into the stack. Program execution proceeds normally and 
the MicroController makes the jump to the beginning of the 
subroutine. The subroutine may be located at any conve- 
nient place in program memory. 


Upon completion of the subroutine, the user codes the 
RETURN instruction in the same manner as for an interrupt 
service routine. At that point, the ICC forces the MicroCon- 
troller to resume execution of the main program at the 
instruction immediately following the JMP-to-subroutine 
instruction. 


Stack Operation 


The LIFO stack holds up to four 13-bit program addresses 
which allows the ICC to return from a subroutine or inter- 
rupt service routine. When all four stack locations are filled, 
the STack Full (STF) output pin is driven high and remains 
high until a RETURN (or reset) operation occurs. If an addi- 
tional interrupt is serviced or subroutine called while the 
stack is full, the stack will overflow and the oldest return 
address will be overwritten and lost. That is, the stack 
retains the four most recent entries. After an overflow, the 
status of the STF output is not valid (until a reset operation 
occurs). 


To prevent an interrupt from overflowing the stack, the user 
can connect the STF output directly to the Interrupt Disable 
(ID) input of the ICC. Then, even if the internal mask and 
priorities permit interrupt servicing, the interrupt request 
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The code for a typical subroutine call-and-return is shown 
in the following example. 


| Address | Instruction | Comment 


X (any MOVE R3,R3 PUSH instruction 

odd-numbered initiates subroutine 

address) call by causing ICC 
to push the address 
X+2 onto the stack. 
(The PUSH instruc- | 
tion is interpreted 
as a NOP by the 
MicroController.) 


The MicroCon- 
troller JMPs to the 
beginning of the 
subroutine. 


X+1 (even) JMP SUBR 


X+2 (odd) 


(any instruction) 


Main program exe- 
cution resumes 
here after RETURN 
from subroutine. 


SUBR (any 
address) 


Execution of sub- 
routine starts here. 


RETURN instruc- 
tion causes ICC to 
transfer program 
back to X+2. 


(any address) MOVE R6,R6 


must still wait for the most recent service routine or subrou- 
tine to return. 


Because subroutine calling is controlled explicitly by the 
user software, the user can always ensure that subroutine 
nesting alone could not overflow the stack. However, care 
must be taken whenever calling a subroutine from within an 
interrupt service routine since the number of remaining 
stack locations may vary at the time the interrupt is taken. If, 
for example, three stack locations are already filled (STF is 
low) at the time an interrupt is serviced, then a subroutine 
call executed within the interrupt service routine would 
cause the stack to overflow and the earliest return address 
to be lost. 


As mentioned earlier, whenever a RETURN operation is per- 
formed from an interrupt service routine, the internal 
interrupt mask is automatically cleared. A RETURN from a 


interrupt control coprocessor 


subroutine, however, does not affect the status of the mask. 
To accomplish this, a flag bit is added to each of the four 
stack locations which records whether each address 
pushed into the stack is caused by an interrupt or a subrou- 
tine call. This flag is read during a RETURN operation to 
determine whether or not the interrupt mask is cleared. This 
allows interrupt servicing and subroutine calls to be inter- 
mixed in any order. 


Initialization 

The ICC decodes address zero as a reset command to per- 
form certain initialization functions. (Zero is the first address 
generated after the MicroController is reset.) Specifically, 
the Instruction-bus drivers are placed in a high-impedance 
state, HALT output is set high, RD output is set low, and all 
interrupt request latches are cleared. The interrupt mask is 
set so that any initialization routine by the user will not be 
interrupted until a CLEAR MASK instruction (MOVE R4,R4) 
is executed. The LIFO stack is reset to an empty state and 
the STF output is set low. | 


SYSTEM TIMING RELATIONSHIPS 


Interrupt Servicing 

Interrupt servicing begins at the end of a MicroController 
instruction cycle when the 8X305’s MCLK signal goes from 
low-to-high. Starting from this point, processing of the 
interrupt proceeds as follows: 


From the rising edge of MCLK 1: 
¢ Interrupt mask is set to inhibit other interrupts. 


e HALT output is driven low to stop internal operation of 
the 8X305 MicroController for one instruction cycle: 
MCLK is unaffected. ROM Disable (RD) output is driven 
high to disable program memory. 


From the falling edge of MCLK 1: 

e Takes address of next instruction from address bus and 
pushes it onto the top of stack to be used as the return 
address to the main program. 


From the rising edge of MCLK 2: 
® The ICC forces a JMP onto the instruction bus to one of 
three fixed vector addresses: 


WIM, sp seis5, 2 oeuce Zones bss sond ands ese Gi bees tanita woe ae ckatacet Address 4 
TUES ph eee i nade eee sew Me oe thes. Address 5 
PIS te berths ap Sod atc Kan Shhh trite a ch ie ate ees Address 6 


e Releases HALT (high) which allows the MicroControiler 
to complete the JMP to the above specified vector loca- 
tion in program memory. 


From the rising edge of MCLK 3: 
e Instruction-bus drivers of the ICC are disabled. 


e ROM Disable (RD) pin is cleared (low) enabling the pro- 
gram memory which resumes control of the Instruction 
bus. 


Return Operation 
When the interrupt service routine or subroutine is com- 


pleted, the RETURN instruction initiates the following 
sequence of events: 


From the rising edge of MCLK 1: 
e Interrupts are temporarily inhibited through third MCLK 
cycle. 


e HALT output is driven low to stop MicroController for 
one instruction cycle. 


e RD output is set high to disable program memory. 


From the rising edge of MCLK 2: 
e HALT output is driven high (cleared). 


e A JMP instruction to address stored at top of LIFO stack 
is forced onto the Instruction bus by the ICC. (The stack 
is popped.) 

From the rising edge of MCLK 3: 

e Instruction-bus drivers of the ICC are disabled. 

® RD is cleared enabling the program memory. 


® if returning from an interrupt service routine (condition 
recorded in extra stack bit) the interrupt mask is cleared; 
otherwise the mask remains unaffected. 


Once the preceding return actions are compieted, the 
8X305 MicroController will resume execution of the instruc- 
tion at the return address. 
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APPLICATION HINTS ® For both service routines and subroutines, the user may 
need to save the contents of some or all of the working 
registers of the MicroController so that operation of the 
main program is not upset. Registers may be written out 
to a working storage RAM such as 8X350 near the 
beginning of the routine, and restored from RAM just 
before returning to the main program. 


e When programming an interrupt service routine or sub- 
routine, certain system operations typically need to be 
considered. In many interrupt-driven systems, a hand- 
shake signal is required to acknowledge the servicing of 
an interrupt request. The acknowledge signal may be 
transmitted by the interrupt service routine using a 
standard |/O port from the 8X300 Family. e Certain subroutine calling techniques may be used to 

increase the efficiency of the user program. As shown in 

the following examples, a subroutine can automatically 
be repeated two, three or four times, if desired, without 
programming a loop. 


® If the user wants to allow a higher priority interrupt 
request to interrupt a service routine, then the CLEAR 
MASK instruction should be programmed (perhaps after 
completing any critical operations). 


Address 
X (even) 
X+1 (odd) 


Instruction 


Push X+1 onto stack. 


MOVE R3.R3 


(start of Subroutine) 


SUBR2 


MOVE R6,R6 


RETURN — First time jumps to X+1; second 
time jumps back to main program. 


X (odd) | SUBR3 MOVE R3,R3 Push X+2 onto stack. 


X+14 leven) MOVE R3,R3 Push X+2 onto stack. 
X*?2 (odd) (start of Subroutine) 
Bp @ 


@ . ® 


Push X+1 onto stack. 


SUBR4 MOVE R3,R3 
X+1 (odd) MOVE R3,R3 
X+2 (even) NOP 


X+3 (odd) (start of Subroutine) 


Xx (even) 


Push X+3 onto stack. 


Brome 


EEN RPE PUI LBA ON TES 


e® In a manner similar to the MicroController mullti- -way branch technique, one of. several subroutines can be selected 
according to an index value. 


= Address ae | Instruction 

| XK (odd) = 7 | MOVE R3.R3 7 | | Push X+2 onto stack. 

X+1 (even) | XEC TABLE (R71) | Execute JMP at TABLE + (R1) 
X+2 (odd) (any) a Subroutine returns here. 


TABLE JMPSUBOQO - | Call SUBO if R1 = 0. 
JMP SUB1 . 7 Call SUB1 if R1 = 1. 
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Interrupt control coprocessor 8X310 


DC ELECTRICAL CHARACTERISTICS COMMERCIAL: Vcc = 5.0 V (+5%); O° C < Ta S 70°C 
MILITARY: Vcc = 5.0 V (+10%); Ta = -55°C 
Te: = 125°C 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Vcc Power supply voltage Vo Off-state output voltage | O00 
Vin Input voltage Tstc Storage temperature range -65 to +150 


Limits Limits 
(Commercial) (Military) 
Min | Typ| Max | Unit | 
: a 


Parameter Test Conditions 


VIH High Level Input Voltage 


Vit Low Level Input Voltage 


< 
ne] 


pcp 


Voc = Min.; loH =-1.0 mA 


VOH High Level Output Voltage 


Vcc = Min.|; COMMERCIAL: 
lol. =8mMA 0.55 
Low Level Output Voltage V 
MILITARY: | 
lo. = 4.25 mA 
input Clamp-Diode Voltage Voc = Min; Ich = -10 mA aS V 
he High Level Input Current Voc = Max: Vin = 2.7 V i 4 100 WA 
Low Level Input Current Voc = Max; Vit = 0.4 V ioe --550 pA 
Short Circuit Output Current Vcc = Max; Vo=O0V = La -80 mA 
Voc = Max; lo-l15 = High-Z 
Ta =0°CI2! 200 | | 
icc Supply Current Ta = 70°C 185 mA 
Ta =-55° Cl2I | 230 
ToT 20- 0. - rae ee | 170 | 
AC ELECTRICAL CHARACTERISTICS COMMERCIAL: Vcc = 5.0 V (+5%); O° C < Ta S$ 70°C 
LOADING: See TEST LOADING CIRCUITS MILITARY: Vcc = 5.0 V (£10%); Ta = -55°C 
To 125°C 
Limits Limits 
References | (Commercial) (Military) | 
| Parameter | From To Test Conditions Min | Typ | Max | Unit | 
Pulse Widths: | | 
twiH Interrupt High fINT; fINT; 
twit = Interrupt Low tINTj 
twMH MCLK High t{MCLK For all Functions 
| Propagation Delays: 
tPRH RD High t{MCLK Interrupt or Return 


tpRL RD Low Interrupt or Return 
tPpHL HALT Low 
tPHH HALT High 


Stack Full High 


{HALT | Interrupt or Return 


Interrupt or Return 


{STF Interrupt or Subroutine 
Call 


{STF Return or Reset 


Stack Full Low {MCLK 
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AC ELECTRICAL CHARACTERISTICS (CONTINUED) 


References 


Parameter To 


= 
O 
— 
~A 
wall 
or 


Setup Times: 
| tsi Interrupt Input Setupl3! 


tINT; 


Ao-Ai3 | {MCLK | Interrupt, Subroutine 
Call, or Reset | 


lo-15 {MCLK | All Commands 


tSA Address Setup 


| tsc Instruction Setup!5! 
tsb Interrupt Disable 
Setup!s! 


Hold and Reset Recovery 

Times: 

tHIL Interrupt Low Input 
Holdl3! 


Ei 
2) 
= 
A 


f{MCLK | 4INT; 


Ao-13 Subroutine Call or Reset re | - 


Address Hold HMCLK | Ao-13_ | 
Instruction Hold {MCLK All Commands iz 
interrupt Reset {MCLK 4INTj Reset or Cancel 70 70 | 
Recovery/4! Command 
Output Enable/Disable Delays: 
toec Instruction Output *{MCLK lo-15 Interrupt or Return 70 | 
Enable | | 
topc Instruction Output t{MCLK Interrupt or Return | 40 Ski ns 
Disable 


Notes: 

1. Atl electrical characteristics are guaranteed after power is applied and thermal equilibrium has been reached. 

2. The 200 and 230 milliampere values are worst case over the entire temperature range for the Commercial and Military parts, 
respectively. 


3. Parameters tsi, tHiL, Tsp, and typ are used only to determine whether an interrupt request will be serviced during the current ora 
subsequent instruction cycle. The INT; and ID inputs are asynchronous and transitions on either input may safely occur at any 
time with respect to MCLK. A low-to-high transition on INT; occurring after tsiH and before tHi. means only that it cannot be 
determined for sure whether or not the interrupt request will be honored during the current instruction cycle. Similarly, transitions 
on ID between tsp and tHp make it uncertain as to whether or not masking applies during the current instruction cycle. 


4. When clearing interrupt requests (including a reset operation), any new low-to-high transitions appearing at the INT; inputs that 
occur before tri risk being cleared and therefore ignored; however, any transition after tr: is certain to be latched. 


5. COMMERCIAL: tsc (minimum) = 15 ns — tert (actual). 
MILITARY: tsc (minimum) = 17 ns — tere (actual). 
(The required instruction enable time for the program memory depends on the sum of the tert and tsc.) 


TEST SETUPS 


RD, STF, and HALT Outputs — tpz_ and tpxz: 


206 () 206 () 


PiN UNDER TEST ai hha 2.2V PIN UNDER TEST ini anid aaa 3.0 V 
50 pF iT 50 pF 


— 
~ 


IK4 


lo-l45 Outputs (toec and topc) tezH and tPHz: Notes: 


206 1 1. VmMeas = 1.5 V for all input signals and RD, STF, and 
PIN UNDER TEST AAA————-O OV HALT outputs. 
| 2. For lo-lis (toec): VMeas = 1.5 V 


= SORE For lo-l15 (topc): VMeas (tpLz) = Vor + 0.5 V 
VmEAS (teHz) = VoH - 0.5 V 
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TIMING DIAGRAMS 


INTERRUPT REQUEST TIMING: 


MCLK 


INTERRUPT SERVICE TIMING: 


4th 1st 2nd 3rd 
I ote. * ata. tt ote. oH ater. 7 


Le tWiH - ' 
\ i 
INTO. 1. : 
AND 2 
\--— tsa ——-»| 
Ao-Ai2 PUSH THIS ADDRESS INTO LIFO STACK | 


toec topc , 
LAA AAAAAAAAAARYY YY AAAAAAAZAAAAAAAAAAAAAASD \AZ 
Fe svcmnnccsesnonmnnanncceessorrn JUMP TO ADDRESS 4, 5, OR 6 mr 
lo-lis safaesaesctsutcndend en tattadtsetaitc eat ateaienienitsietsiet ek aie: (OUTPUT FROM 8X310) Ry 
RK KKK KKK KK KK KK KKK KKK RRR RRR y 


tpRH tpar- 


be | es 
tPHL- a tpHH 


he- tsc 


HALT 


tpsH : 
me ee eee seme 


0’ ooortTtTo or: 


MCLK / \ 
. tHe 
is MOVE R2, R2 
Gio (CLEAR INTERRUPT INSTRUCTION) 


SS 


04,4.0-0'0-0-0;00 
> ROORON «HIGH Z STATE 
By 


WW) CHANGING DATA 
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TIMING DIAGRAMS (Continued) 
CALL SUBROUTINE TIMING: 


MCLK 


Ag-As2 ODD ADDRESS 


lo-ly5 (FROM 
PROGRAM 
MEMORY) 


tpsH 


RETURN TIMING (FROM INTERRUPT OR SUBROUTINE): 


MCLK 


Ao-A12 = are Sees | 
Isc —m = ! 
. a ~~ tHe ——---__-_-____ toec topoc 

——— rconeoveoensenconcorconeaneatencenceneates f 
\/ MOVE R6, R6 — RETURN INSTRUCTION aoocetetatacoccetataracorcenasecooecendseeocoacaracococcecereeorococerertcareecéne JMP TO ADDRESS STORED IN AN 

lo-lts FROM PROGRAM MEMORY IM, “ocococotranorocorereararore ecntcoeocecernaracorernarararocorerrarerarecaenarernet, Qn | 
atatallatelctatele catclcatatcteetatclcatateleltatate catateleltateetet STACK (FROM 8X310) Y) 

) | Isc 
tpRH aaa — tpAL 
RD 


HALT 


RESET TIMING: 


MCLK 


Ag-Ai2 ADORESS 0 FIRST NON-ZERO ADDRESS 


x ti +» 


Legend: BREA HIGH Z STATE 


AOE TAIN 
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BUS INTERFACE REGISTER ARRAY Originally published by Signetics January 1984 


FEATURES Host System (primary port); the host can be almost any bus- 
¢ 16-byte/2-port interface oriented device— another processor, a minicomputer, or a main- 
¢ 8- or 16-bit primary port (Host) interface (User selectable) frame computer. The host has 8-bit (byte) or 16-bit (word) access 
e 8-bit secondary port interface to the primary port; data can be read-from or written-into any 
° Two 8-bit flag registers (handshake control) memory location as determined by the primary-port address and 
e¢ DMA or programmed I/O operation control lines. The secondary port. (8X305 bus) consists of eight 
¢ Two three-state bidirectional ports input/output lines and four bus contro! lines. To implement the 
¢ Secondary port is bus compatible with 8X305 secondary-port interface, an 8-bit memory location is addressed 
¢ Single 5V supply during one machine cycle and, during another cycle, data is read 
e 40-pin package or written under control of the secondary (8X305) processor. 

Both primary and secondary ports feature three-state outputs 
ARCHITECTURAL OVERVIEW and both ports are bidirectional. 


The Signetics 8X320 Bus Interface Register Array (Figure 1) isa | Besides the convenience and economy of a two-port memory, 
dual-port RAM memory designed for use between a host proc- _ the array also provides simple handshake control via two 8-bit 
essor and a peripheral processor. Specifically, the register array flag registers, logic to facilitate DMA transfers, and a write- 
provides a convenient and economical interface between the protect feature for the primary port in both byte and word modes 
8X305 (or 8X300) Microcontroller (secondary port) and User’s of operation. 


BLOCK DIAGRAM 
SECONDARY PORT PRIMARY PORT 


yr ~~ 


16 X 8 MEMORY 


ea rs ns TREN | aa ry SoG een ig ear a 
| FLAG REGISTER | | FLAG REGISTER ! 
| PRIMARY ADDRESS: | | PRIMARY ADDRESS: ] USER-PORT 
it Borer be mee eee i ADDRESS DECODE 
i WORD ~ Note | WORD -= Note | 
| SECONDARY ADDRESS: 608 | : SECONDARY ADDRESS: 618 | 


iGEN PURPOSE REGISTER: 'GEN PURPOSE REGISTER, 
PRIMARY ADDRESS: | | PRIMARY ADDRESS: | 
BYTE — 28 i | Byte 3g ] 
| WORD -~ Note | |_.WORD - Note ] 
i 

| 


[SECONDARY ADDRESS: 628 [SECONDARY ADDRESS: 638 


PROTECT BIT 
STATUS 


8X305 
PORT LOGIC 


Mey rr, Ay ie See aE Nw, CNG eee, ee ED ml CFaE Spee Te Oe oe ee et ee e— om | 
'GEN PURPOSE REGISTER! 'GEN PURPOSE REGISTER! 32 ws 
|PRIMARY ADDRESS: | |PRIMARY ADDRESS: | ai 
| BYTE - 4g | | BYTE ~ 5g 

WORD ~ Note | | WORD - Note | PIOE 
|SECONDARY ADDRESS: 64g ~—'-~=‘||SECONDARY ADDRESS: 653 _—s USER-PORT 
[es eee ee ee eee eal Ee eee ae ey ee J LOGIC 


as ALARACE BERiest: | 


> 
wW 


(gang Ween Lace 8 Poet PEN bee ne tata] 
IGEN PURPOSE REGISTER, :GEN PURPOSE REGISTER: A2 
IPRIMARY ADDRESS: | |PRIMARY ADDRESS: ¥) Pe 
| BYTE -- 68 1 | BYTE +78 | 
| WORD - Note | | WORD = Note AO 
SECONDARY ADDRESS: 66g |! 'SECONDARY ADDRESS: 67g i! 
acer aee aiid = oe } t ee ewes, Se) B/W 
ADDRESS LATCHES Sa Sa a ee ee ye ee Sa 
AND (GEN PURPOSE REGISTER: !|GEN PURPOSE REGISTER; 
DECODE LOGIC IPRIMARY ADDREDS: | | PRIMARY ADORESS: | 
| s! 
| BYTE + 10g | BYTE -- 11g 3 D7A 
| WORD - Note | 1 WORD ~ Note 
[SECONDARY ADDRESS: 70g | (SECONDARY ADDRESS: 718 EB D6A 
Ln ee reer ar hoe recon ni a) cio a = patninca 
= iGEN PURPOSE REGISTER, ,GEN PURPOSE REGISTER, <> pen 
vo 24 IPRIMARY ADDRESS: ; | PRIMARY ADDRESS: | C6) D4a 
Pee | BYTE - 128 | | BYTE + 13g | 
ivi —(_25 ) | WORD - Note | | WORD -- Note Gi) D3A 
ISECONDARY ADDRESS: 72g |! !SECONDARY ADDRESS: 73g 1 8 D2a 
iV2 —{_ 26 ) Lb. - +--+ --- = L~---------—- 
ane GEN PURPOSE REGISTER! ‘GEN PURPOSE REGISTER’ C— ota 
wacar DRIVERS/RECEIVERS iGEN PURPOSE REGISTER GEN PURPOSE REGISTER, USER-PORT 
IPRIMARY ADDRESS: ; ,;PRIMARY ADDRESS: | DRIVERS RECEIVERS 10 DOA 
: | BYTE - 148 | | BYTE - 15g i 
iva —{ 28 ) WORD — Note | + WORD - Note 3 07B 
=e NDARY AD 74 ies RY ADDRESS: 75 
ivs (29 ) oe ee ee ae ee G2) D6B 
oe tpg tio. ee Sa, fe oe, ae oe fee 72) cf sale aaa oe a omc 1 s DS 
ive —C30 ) iGEN PURPOSE REGISTER: :GEN PURPOSE REGISTER: C13 ) B 
IPRIMARY ADDRESS: | 1 PRIMARY ADDRESS: | ia) D4p 
iv? —(31) | BYTE + 168 | | BYTE - 17g ] 
WORD - Note | 1 WORD - Note 15 03B 
ECONDARY AD S: 76 ' ' SECONDARY ADDRESS: 77 
Ce ee Se i ee C6 ) D2p 
in The Word Mode, The Registers Are Addressed In Specific Pairs — D1B 
Byte O/Byte 1, Byte 2/Byte 3, Byte 4/Byte 5... Byte 14/Byte 15, And (18 ) DOB 


Byte 16/Byte 17. 


Figure 1. Block Diagram of 8X320 Bus Interface Register Array 
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3-18 


35-38 


Direct Memory 
Access Enable 


DOa-D7~/ ~—s— Primary Data Port 
DOg-D7B 


ME Master Enable 


MCLK Master Clock 


Select Command 


Write Command 
Secondary Data Port 
Write Strobe 
Read/Write Control 


P Programmed |/O En- 


able 


AO-A3 Primary Port 
Address Select 


\ 
B Byte /Word : 


VCC Power 


N, | PACKAGE 


EVEN 
ADDRESSES 


8X320 
BUS 
INTERFACE 
REGISTER 
ARRAY 


ODD 
ADDRESSES 
—t 


TOP VIEW 
ORDER NUMBERS 
N8X320N, N8X3201 


Circuit ground. 


Enables primary port to facilitate DMA transfers; does not affect secondary port. 


Sixteen 3-state lines used for data transfers to-and-from the primary data port; most 
significant bit is DO, and least significant bit is D7,. 


Enables secondary port when active low (ME). 


When MCLK is high, and 8X320 is enabled (ME = Low), a register location may be either 
selected or written-into under contro! of SC and WC. 


With SC high, WC low, MCLK high and ME low, data on IVO through IV7 is interpreted as 
an address. If any one of the 16 register addresses (60g-77g) matches that on the |/O 
(IV) bus, that particular register is selected and remains selected until another address 
on the same bank (i.e. ME = low) is output on the 1/O bus—at which time, the old 
register is deselected and a new register may or may not be selected. 


With WC high, SC low, MCLK high, and ME l!ow, the selected register stores contents of 
1VO-IV7 as data. 


‘Eight 3-state lines used to transfer data or |/O address to-and-from the secondary data 


port; most significant bit is IVO and least significant bit is IV7. 


When active high, data appearing at the primary port (D0,-D7,4/D0pg-D7B) is stored in 
the register array if the primary port is in the write mode. 


When this signal is high, primary port is in read mode; when signal is low, primary port is 
in write mode. ; 


When active low, primary port operates in programmed input/output mode with register 
to be read-from or written-into selected by AO-A3. 


Selects register or register-pair that primary port is to read-from or write-into. Most 
significant bit is A3; least significant bit is AO. 


When signal is high, the primary port operates in the byte (8-bit) mode; when signal is 
low, the primary port operates in the word (16-bit) mode. 


+5 volts. 


All barred symbols (DMAE, etc.) denote signals that are asserted (or active) when low 
(logical 0); signals that are not barred are asserted in the high state (logical 1). 
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Bus interface register array 8X320 


OPERATING CHARACTERISTICS port, all registers are addressed in byte format—60g through 
Memory Organization 77g. The memory consists of two 8-bit flag registers and fourteen 


Memory and address correlation for the 16-register array is ei sibel ear halen tain decade paren 
shown in Figure 2. From the primary port, the sixteen 8-bit agi ate wcihade Sw ; : y 


registers can be addressed in either (8-bit) or word (16-bit) for- protect certain registers from being written into from the pri- 


mat; in the word mode, the registers are addressed in pairs— maty pore 
09/18, 28/3g, 49/58, . . . 14g/15g, and 16g/17g. From the secondary 
MSB LSB 
NG we MSB LSB 
' ; | FLAG REGISTER ts ae 
11001111 —e[ SECONDARY PORT ADORESS = 60g | 
FLAG REGISTER ooox WORD MODE 
11001119 = [Seconoany pont aDoRESS = 6te | 
GENERAL PURPOSE REGISTER _ 
11001101 [SECONDARY PORT ADDRESS = 629 
PRIMARY PORT ADDRESS = 2g 0010 — i 


GENERAL PURPOSE REGISTER 


SECONDARY PORT ADORESS = 63g 
PRIMARY PORT ADDRESS = 3g 


4100 1100s a ee eee 


Gu NERAL PURPOSE REGISTER 
SECONDARY PORT ADDRESS = 64g 


PRIMARY PORT ADDRESS = 4g 


. 001X 


11001011 — > 


GENERAL PURPOSE REGISTER 
sr001019 —______________. [rconoarv pont aDORESS = 653 


GENERAL PURPOSE REGISTER 


: 
11001001 —m] SECONDARY PORT ADDRESS = 66g 
PRIMARY PORT ADDRESS = 68 + —_—-____--—___——_- «SO 
GENERAL PURPOSE REGISTER b oi ee te 


SECONDARY 


11001000, ——_______-_____________________-» | SECONDARY PORT ADDRESS = 67g 
PORT : 


PRIMARY PORT ADDRESS = 7g <+——_ 0111 PRIMARY 


PORT 


. GENERAL PURPOSE REGISTER | 
[SECONDARY PORT ADDRESS = 70g 


SECONDARY PORT ADDRESS = 70g 


PRIMARY PORT ADDRESS = 10g 


11000110 ——_-— $$ 


11000111 —» 


+ 


GENERAL PURPOSE REGISTER 
— 


GENERAL PURPOSE REGISTER 


SECONDARY PORT ADDRESS = 72g 
PRIMARY PORT ADDRESS = 12g 


11000101 —> 


GENERAL PURPOSE REGISTER 
11000100 ——-——____-—- —___—__--—--—--___- —_________________-» | SECONDARY PORT ADDRESS = 73g 
<— 1011 


GENERAL PURPOSE REGISTER 
[SECONDARY PORT ADDRESS = 74g | 


11000010 


“ 11000011 — >» 


On rrr 


GENERAL PURPOSE REGISTER | 


GENERAL PURPOSE REGISTER | 


11000001 —» 


GENERAL PURPOSE REGISTER 


SECONDARY PORT ADDRESS = 77g 


| PRIMARY PORT ADDRESS = 17g 


Figure 2. Memory and Address Organization for the 8X320 
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572. 


8X320 


In either byte or word mode, the write-protect logic, imple- 
mented by bits FO and F1 of register 60g, inhibits the primary 
port from writing into addresses 16g and 17g, respectively. Both 
write-protect bits (FO and F1) can be read or written from the 
secondary port; the bits are read-only from the primary port. 


As shown in Table 1, flag bits F2 through F7 of 60g and FO 
through F7 of 61g are controlled by the fourteen general-purpose 
registers. When any one of these registers is written into by 
either port, the corresponding flag bit for that register is 
automatically set by internai logic of the 8x320. When informa- 
tion is read from any register, the corresponding flag bit must be 
reset by user software. Except for the write-protect bits, all other 
flag bits can be read or reset from the primary or the secondary 
port. Table 2 shows the relationship between bits of the flag 
registers and bits of the primary and secondary ports. 


Table 1: 


CONTROL OF THE TWO FLAG REGISTERS 


60g (Og) 


F2 F3 F4 F5 F6 F7 


FO F1 F2 F3 F4 FS F6 F7 


ole! (1g) 


Octal 
Address of 
Controlling 


Registers 


Primary 


Secondary| 62 63 64 65 66 67 70 71 72 73 74 75 76 77 


23 4 5 6 7 10 11 12 13 14 15 16 17 


Table 2. RELATIONSHIP BETWEEN FLAG REGISTER 
BITS AND THOSE OF PRIMARY 
AND SECONDARY PORTS 


FLAG REGISTER 60g 
———-—-—> DOa Di, D2a D3, D4q D5aq D6q D7 


rTtTilild 


—————> fVO ivi iv2 iv3 Wa Ws We W7 } 
so LSB 


PRIMARY 
PORT 


FLAG 
REGISTER BITS 


SECONDARY 
PORT 


PRIMARY 
PORT 


FLAG REGISTER 618 


—————-—» D0g Dig D2s D3g D4g 


oe ane 


D5— D6g D7, 


htt 


FLAG 
REGISTER BITS 


SECONDARY 
PORT 


FUNCTION AND CONTROL OF PRIMARY PORT 

The primary port provides an 8-bit (byte) or 16-bit (word) interface 
between the 16-byte memory and the user’s host system. If the 
host is an 8-bit system (or 16-bit system operating in Byte mode), 
the sixteen bidirectional I/O lines must be tied together (DO, to 


DOgp, Dia, to D1p,... and D7, to D7); when data is input or out- 
put on DOag through D7a, the remaining eight lines (D0g through 
D7) are high-Z and vice-versa. 


NEETU MUTA SOY RTE ROY ELEY 
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Other than the Byte/Word control line, specific operating char- 
acteristics of the primary port are controlled by two signals— 


PIOE (Programmed I/O Enable) and DMAE (Direct Memory Ac- 
cess Enable). When PIOE is active (low) and DMAE is inactive 
(high), the primary port operates in the programmed 1/O 
mode-— refer to Table 3; in this mode of operation, the register to 
be read-from or written-into is determined by four address lines 
(AO through A3) and the Byte/Word control line—see Figure 2 
and Table 4. in the DMA mode of operation, A1, A2, and A3 are 
not used; data is read-from or written-into preassigned 
registers: bytes 16g (76g) and 17g (77g) for the byte mode of 
operation and bytes 14g (74g)/15g (75g) and 16g (76g)/17g (77g) for 
the word mode of operation. In both cases, switching between 
bytes 16g and 17g in the byte mode and 1498/15g and 168/178 in 
the word mode is controlled by AO (the least significant address 
bit). Refer to Table 5. 


Table 3. MODE CONTROL OF PRIMARY PORT 


Disabled (output) 


“Programmed 1/O 


X = Don't Care 


Table 4 defines programmed !/O operation of the primary port in 
terms of read/write functions and Byte/Word control. In the byte 
mode, data is read-from or written-into the even addresses (0g, 
28, 4g, 6g, 10g, 12g, 14g, and 16g) via data lines DO, through D7,; 
data is read-from or written-into odd addresses (1g, 3g, 5g, 78, 
11g, 13g, 15g, and 17g) via data lines DOp through D7g. When AO 
is low (logical 0), even addresses are selected and when AO is 
high (logical 1), odd addresses are selected; thus, AO is the LSB 
of a 4-bit address. In the word mode, the state of AO is irrelevant, 
since both the odd and even bytes are, simultaneously, read- 
from or written-into; thus, a register pair is selected by a 3-bit 
address, A1 being the LSB. 


In the DMA mode of operation with DMAE set to 0 and other con- 
ditions satisfied, data is directly transferred to-or-from specified 
memory locations under control of Byte/Word, R/W, and AO. The 
state of the Byte/Word control line determines whether the data 
word is 8 bits or 16 bits. The AO address line correlates eight of 


Table 4. PRIMARY PORT OPERATING IN 
PROGRAMMED 1/0 MODE 


DOag-D7a 
(Even Addresses) 


DOg-D7g 
(Odd Addresses) 


X= Don’ t Gite 


Bus interface register array 8X320 


the sixteen data lines (D0q-D7, or D0g-D7p) with the proper Tabie 5. DMA OPERATION OF THE PRIMARY PORT 


byte/word location. Thus, in the word mode, the exchange of ~ 

data between the memory and the primary port occurs via | MODE | Seno ee DOa-D7a D0p-07B 

DOa-D7, for bytes 14g and 16g and via D0g-D7g for bytes 15g Read O (Word) Data stored in {| Data stored in 
byte 14g byte 15g 


and 17g. The byte mode of operation is similar, except that the 
unused eight lines are three-stated. 


Data stored in 
byte 17g 


1 (Byte) 


1 (Byte) 


FUNCTION AND CONTROL OF SECONDARY PORT 


The secondary port provides an 8-bit interface between the six- 
teen memory registers and the 8X305 (or other processor). As 
shown in Table 6, the secondary-port interface is controlled by 
five input signals and a status latch. The status latch is set when 
SC is high (MCLK high/ME low) and a valid memory address 
(60g-778) is presented to the 8X320 via the secondary data port 
(IlVO-IV7). The latch is cleared by internal logic when an invalid 
memory address is presented at the secondary port. In all 
read/write operations from the secondary port, the status latch 
acts like a master enable; data can be transferred only if the 
status latch is set. 


O (Word) Write to byte 


15g 


O (Word) 


Write to byte 
16g 


Write to byte 
17g 


1 (Byte) Write to byte 


16g 


1 (Byte) Write to byte 


178 


Table 6. FUNCTIONAL CONTROL OF SECONDARY PORT 


tee arr Ht rere tree te hn ssn ern rf 


STATUS 
WC! MCLK R/W LATCH FUNCTION OF SECONDARY BUS 

L X Set Output data from 8X320 memory to 8X305 

H H H Set Data from 8X305 is input and written-into a previously-selected memory loca- 
tion of the 8X320 (Note 2). 

H H L Set With the primary port in the write mode (R/W = 0), the secondary port is 
overridden and cannot write to the same register addressed by the primary 
port; however, the register addressed by the primary port can be read and 
any other register can be read-from or written-into from the secondary port 
(Note 2). 


L H X X Data transmitted to the secondary port via the IV bus is interpreted as an 
address; if address is within range of 60g-77g the memory status latch is 
subsequently set. 

L L x Inactive 

X X Xx Not Set | Inactive 

x xX X Xx Inactive 
1. The SC and WC lines should never both be high at the same time; the 8X305 proc- 
essor never generates this condition. 
2. During read or write operations, the same register can be simultaneously ad- 
dressed from either port. For any write operation by both ports on the same 
register, the primary port has priority; other than this, the 8X320 does not indicate 


error conditions or resolve conflicts. 
. X= Don’t Care. 


cw 


Sf ewicten aera ‘ 
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8X320 


DC CHARACTERISTICS 00°C <T, < 70°C; 4.75V <= Voc < 5.25V 


LIMITS 
PARAMETER TEST CONDITIONS": 2 | 
| Voc | Supply voltage 
| Vin (L) “Low level input voltage 
VIN (H) High level input voltage 
VOL Lew jevel output voltage Voc = 4.75V; lo, = 16mA 
VoH _ High level output voltage 
| VoL Input clamp voltage 7 I = —SmA | 
| ioc | Supply current Voc = 5.25V (Both ports high-Z) 
| los Short circuit output current? Voc = 4.75V 
| WN (L) WG, MCLK, SC, & ME | Voc = 5.25V; Vi_ = 0.50V 
| iN w B/W Voc = 5.25V: Vi = 0.50V 
IN() «AOA _ Voc = §.25V; ViL = 0.50V 
WNL) DMAE 7 Voc = 5.25V; Vit = 0.5V 
| HN CL) WS, PIOE, & R/W | Voc = 5.25V; Vi, = 0.5V —400 
| IN (L) ~«WVO-Iv7 : VEG = §.25V; Vit = 0.5V —400 
each line 
PIN (L) --«DOA-D7A/DOg-D7gh 0” Voc = 5.25V; Vy, =0.5V | -400 
each line 
tN CH) WC, SC,MCLK,&ME | Voc = 5.25V; Vi = 5.25V” “1400 
Pin) B/W 7 Voc = 5.25V: Vy = 5.25V 240 
mk te Vou = 6.26. vy =625V Fe 
IN(H)«AT-AS OO Voc = 5.25V; Vay = 5.25V 60. 
Cincy MAE Voc = 5.28V; Vy = 5.28V 
| liN (H) WS, PIOE, & R/W = Voc = 5.25V; Vin =525v | | 
| SN (H) 1VO-IV7 and DO,-D7,/D0g-D7p “Voc = 5.25V; Vin = §.25V | 100 | pA 


Notes: 

1. Operating temperature ranges are guaranteed after terminal equilibrium has been 
reached. 

2. All voltages are measured with respect to ground terminal. 

3. Short only one output at a time. 


TEST CIRCUIT 


OUTPUT 
UNDER TEST 


Note: 
GC. includes jig and probe capacitance. 
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Bus interface register array 8X320 


AC CHARACTERISTICS OF PRIMARY PORT 00°C < Ta < 70°C: 4.75V < Voc < 5.25V 
Loading: See Test Circuit 


Legend: WRITE CYCLE 
CHANGING DATA (77 maneess 


Hi-Z ES (A3 ~ AO) 


ADDRESS ACCESS TIME oeexnio 


ADDRESS (DO, ~ D7,/D0g ~ D7) 


(A3 ~ AO) 


PIOE, DMAE & RIW 
DATA I/O 
(DOag ~ 07,4/D0g ~ D78) 


PRIMARY PORT ENABLE/DISABLE TIMES WRITE STROBE (WS) 


ee monossntnat.e® S.C 


DATA I/O OOS Bhs LESS : Tpp2 
(D0, ~ 07,/D0g ~ 07g) & 


D0,-D7,/D0g-D7. 


ss 
D0,-D7,/D0g-D7, me 
se 
fess 


Taa Address Access Time 


Tce Primary port enable time 


Tep Primary port disable time 


PIOE +WS 30 


Twsc Write mode control setup time 


Twuc Write mode control hold time 


Write strobe pulse width ee ages eee 
Tor Primary port data delay Poa Dr DOs- ane a 


Notes: 

1. Measurement with Write Strobe set High and the control signals of the secondary 
port set for output data from the same register. 

2. Measurement with primary port data stable and contro! signais of secondary port 
set for output data from the same register. 
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AC CHARACTERISTICS OF SECONDARY PORT 0°C < Ta < 70°C, 4.75V < Voc S 5.28V 


Loading: See Test Circuit 


Legend: 
CHANGING DATA (77 


THREE-STATE By 


SELECT CYCLE 


iV (INPUT FROM 
MICROCONTROLLER 


eae Pee a 

Te 

tape WO setup ime [wo 

ea) Waensoionseny [0 
Toe 


Note: 


INPUT CYCLE 


IV (INPUT FROM 
MICROCONTROLLER) 


D0,-D7,/D0g-D7,5 


OUTPUT CYCLE 


MICROCONTROLLER 
CONTROL SIGNAL* 


IV (OUTPUT TO 
MICROCONTROLLER) XxX es Se 


*PARAMETER KEY 


MICROCONTROLLER CONTROL SIGNAL STATIC CONDITIONS 
ME SC = wc = LOW 
$C = ME = LOW 
WC = ME=LOW 


Measured with MCLK= High and control signals of the primary port set for output data from the same register. 
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8X330 


FLOPPY DISK FORMATTER/CONTROLLER Originally published by Signetics January 1984 


FEATURES chip uses Bipolar-Schottky/I@L-Technology and some very 
e Single or double density unique features to provide 8X330 customers with a com- 
encoding/decoding petitive edge in both simple and complicated disk- 
e On-chip data separator controller designs. The competitive advantage is measur- 
e Programmable: able in terms of ‘‘systems parts count’, ‘error correction 
FM, MFM, and M2FM encoding/decoding capabilities”, and “overall design concepts” that are 
Preamble Polarity applications oriented. Except for a crystal, a capacitor, an 
Data transfer rate external transistor acting as a series-pass element for the 
Address mark encoding/decoding on-chip voltage regulator, an active low-pass filter, and an 
Sector length optional off-chip voltage controlled oscillator (refer to 
Output port (7-bits disk command) Features and Option), the 8X330 contains all processing 
Input port (5-bits disk status) circuits and the required control logic to encode/decode 
e Write Precompensation double-density (MEM/M2FM) and single-density (FM) 
with on/off control codes. Even the data-separation and write-precompensa- 
¢ On-chip phase lock loop tion logic are located on the chip; in addition, 16-bytes of 
e CRC generator with scratch-pad RAM are provided for storage of various con- 
software-controlled error correction capabilities trol/status parameters. 


e 40-pin package 


+ 
eet a NoWoperation OPTION: External Voltage Controlled Oscillator (VCO). For 


PRODUCT DESCRIPTION critical applications, window margins can be 
The Signetics 8X330 Floppy Disk Formatter/Controller is improved by as much as 6% with the use of an 
a monolithic peripheral device of the 8X300 Family. The external VCO. 


BLOCK DIAGRAM 


NOTES 

1. Components shown with dotted lines are located off-chip. 

2. Certain bits of the status/control registers connected to the I/O bus are ‘read-only’; this 
distinction is not shown in the diagram. 

3. Greater detail for the more complicated blocks (Phase-Lock Loop, Data Separator, etc.) 
are shown in other areas of this data sheet. 


CURRENT- 
CONTROLLED 
OSCILLATOR 


DATA/FORMAT 
CONTROL 
REGISTERS | 


d!IHD-340 A31V901 
¥3aLM4 SSVd-MOT 


SECTOR INTERNAL CONTROL 
LENGTH 
REGISTER 


6 
GENERAL- 
PURPOSE 
REGISTERS DATA 
(SCRATCH-PAD SEPARATOR 
RAM) 


OATA 
REGISTEA 


MICROPROCESSOR (8-300) INTERFACE 


PRECOMPEN- 
SATION 
& WRITE 
LOGIC 


25 

Vi ~(26 
(27) 
(28) 
(29) 
(30) 
(31) 
(32) 
(21) 
(22) 
(23) 
(24) 


DISK 
CONTROL 
REGISTERS 


JOVINILINI JAINO-NSIG 


nr rr rn EE 


09699900008 A6 6 
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8X330 


8X330 PACKAGE/PIN DESIGNATIONS 


13-17 


578 


N PACKAGE 


8X330 
FLOPPY DISK 
FORMATTER- 
CONTROLLER 


TOP VIEW 


ORDER NUMBER 
N8X330N 


MNEMONIC & DEFINITION FUNCTION 
GND Ground Circuit ground 
X1, X2 Crystal inputs Inputs from a crystal that deter- 


mines frequency of an on-chip 
crystal oscillator. 


DW Data write A series of negative-going pulses 
transmitted to the disk drive. The 
data write signal produces pulses 
(with precompensation, if re- 
quired) for data and clock in accor- 
dance with the applicable encod- 
ing rules (FM, MFM or M2FM). 


DR Data read Negative-going pulses transmitted 
from the disk drive to a Schmitt- 
trigger input of the 8X330; these 
pulses represent encoded data and 
clock from the disk media. 


DC1-DC7 Disk commands Seven outputs from the 8X330 that 
allow general-purpose control, of 
one or more disk drives. 


DS1-DS5 Disk status Five general-purpose Schmitt- 
trigger inputs from the disk drive 
(or drives) that provide status infor- 
mation for the 8X300. 
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19 


21 


22 


23 


24 


25-32 


33 


34 


35 


36-37 


38 


39 


40 


MNEMONIC & DEFINITION 


PF Power fail 
WG Write gate 
ME Master enable 


MCLK Master clock 


SC Select command 


WC Write command 


1VO-IV7_ —s Input/output 


lines 

PON Pump down 
output 

PUP Pump up output 


CCO Frequency Con- 
trol Input for Cur- 
rent-Controlled 


Oscillator 

C1,C2 Capacitor input 
terminals 

VCR Regulated supply 
voltage 

VR Reference volt- 
age 

Voc Supply voltage 


FUNCTION 


Schmitt-trigger input from exter- 
nal logic that is active (low) when 
the “user-sensed” power supply 
voltage drops below a predeter- 
mined value. 


When active (low), this 40- 
milliampere open-collector output 
enables writing to the disk media. 
When PF is tow, the write gate is 
inhibited during periods of power 
supply uncertainty. 


When this input signal is active 
(low), the 8X330 can be accessed 
and enabled by the 8X300. (Refer to 
the LB and RB pinout discriptions 
of the 8X300 for further detail.) 


When active high and with ME in 
the active-low state, this input sig- 
nal provides a means whereby the 
1/O output from the 8X300 is inter- 
preted as an enabling address 
(provided there is an address 
match) or as input data (if one of 
the 8X330 registers has already 
been selected). 


When this signal is active (high), 
the information output on pins IV0- 
1V7 of the 8X300 is interpreted as 
an address input by the 8X330. 


When this signal is active (high), 
the information output on pins IVO- 
1V7 of the 8X300 is interpreted as 
input data by the 8X330. 


Eight three-state input/output lines 
that provide bidirectional data 
transfers between the 8X300 and 
the enabled |/O device; IV7 is the 
Least Significant Bit. 


Open-collector output of on-chip 
phase detector which indicates (by 
a  negative-going, quantized, 
pulse-width modulated signal) that 
internal CCO frequency is too 
high. 

Open-collector output of on-chip 
phase detector which indicates (by 
a negative-going, quantized, 
pulse-width modulated signal) that 
internal CCO frequency is too low. 


Variable input current from ex- 
ternal low-pass filter that 
controls the frequency 

of the oscillator. 


Inputs for capacitor that de- 
termines center frequency of 
the current-controlied oscillator. 


DC voltage input from emit- 
ter of external series-pass transis- 
tor: this voltage powers internal 
logic of chip. 

Reference voltage output to base 
of series-pass transistor; this ref- 
erence controls VCR. 


+5 volt power. 
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SYSTEM INTERFACE 

A typical floppy disk controller using an 8X300 microcon- 
troller and the 8X330 is shown in Figure 2. The non-shaded 
portion of this particular configuration can service the 
command, status, and input/output requirements of two 
double-sided disk drives and, under software supervision, 
the system can read/write single-density (FM) or double- 
density (MFM/M2FM) codes. Interface requirements are 
simple—on one hand, consisting of the 8X300 microcon- 
troller and, on the other, the two disk drives. All 8X330 
control and data registers directly linked to the micropro- 
cessor interface (Figure 1) are addressable and appear to 
the 8X300 as simple I/O ports; a 13-bit address bus and a 16- 
bit instruction bus provide communications between the 
8X300 and up to 8K of microprogram storage. 


The disk-drive interface consists of seven (7) output control 
lines (DC1-DC7), five (5) input status lines (DS1-DS5), a write 
gate (WG), a data- write output (DW), and a data-read input 
(DR). The twelve command/status lines are not dedicated: 
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thus, the user can assign system functions to best suit a 
given application. As shown in Figure 2, all control lines 
except WG are buffered to accommodate a reasonable 
distance between the controller and the disk media; the 
Write Gate, being a 40-milliampere output, requires no 
buffering. 


As shown by the shaded part of Figure 2, the control and 
status lines can be expanded with peripheral hardware—the 
8T32 (in this example) being only one method of implemen- 
tation. Using this particular technique, one !/O port is totally 
dedicated to output control, whereas, the other port is 
totally dedicated to input status. With additional hardware 
and supporting software, the disk-drive system can be 
expanded without limit; however, from a point of being 
practical, five or six drives is sufficient for most applica- 
tions. By using the programmable features of the 8X330, the 
user can emphasize and prioritize those system parameters 
that are most important—economics, reliability and/or 
speed. 
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Figure 2. Typical interface Using an 8X300 Microcontroller 
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FUNCTIONAL OPERATION 

As shown in Figure 2, the interface between the 8X300 and 
8X330 consists of twelve (12) lines—IVO-IV7, SC, WC, 
MCLK, and ME; the Master Enable (ME) input (pin 21) is 
driven from either the LB (Left Bank) or RB (Right Bank) 
output of the 8X300. An expanded view of this interface is 
shown in Figure 3 and, as indicated, the 8X330 appears asa 
number of addressable registers (1108-1273 and 1328-1378) 
under input/output control of the 8X300. These registers are 
used for general-purpose storage, data-transfer operations, 
disk commands, disk status, and various control functions. 
Design-oriented information for these registers and other 
data-processing/logic functions of the 8X330 are described 
in the paragraphs that follow; in all of these registers, bit Ois 
the Most Significant Bit (MSB). 
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NOTE 
When power is first applied to the 8X330, the Disk Command lines (DC 1-DC7), the Write 
Gate (WG) output, and contents of Command/Status Register #2 (CSR #2) are set to 1 
(high). The wakeup state of all other bits is undefined. 


General-Purpose Register File 

This general-purpose (scratch pad) memory is directly 
accessible by the 8X300 and is used to store system vari- 
ables such as track address, sector address and other 
necessary parameters. The sixteen 8-bit registers (1108- 
1278) provide sufficient on-chip memory to accommodate a 
minimum of two disk drives; the maximum number of drives 
that this non-dedicated memory file can support depends 
on several factors—system configuration, reliability re- 
quirements, economic constraints, and so on. Because of 
the on-chip file, all other system memory can be dedicated 
to the purpose of handling data to-and-from the disk media. 
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Figure 3. An Expanded View of the 8X330/8X300 Interface 
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Command/Status Register #1 (CSR 1/Address 132s) 
The disk status (read) or disk-command (write) contents of 
this register are interpreted as follows; unless otherwise 
indicated, all bits of CSR 1 are read/write from the I/O bus. 


Bit 0 (Write Gate Enable) 

Enables write gate output (WG/pin 19) to disk drive(s)—the 
write gate (WG) cannot be enabled unless the PF input pin 
(18) is high. When the WGE bit is set to 0, the WG ouput pin is 
low (enabled); when WGE is set to 1, the WG output is high 
(disabled). If the PF input goes low while the WG output is 
low, the WG output will go high and the Write Gate Enable 
bit is reset to 1. 


Bit 1 (CRC Enable) 

When set to 1, permits internal CRC register to compute 
remainders on the data stream in either read or write modes 
of operation. When set to 0, the CRC register becomes the 
source of data. A change in the CRC Enable bit does not 
become effective until the “next BYTRA flag appears” 
following the command bit change—refer to description of 
CSR 1/Bit 6. 


Bit 2 (Data Register Control) 

When set to 0, contents of data register consists of inter- 
leaved data-and-clock bits; starting from the MSB (IVO) 
position, register contents are: Clock 1, Data 1, Clock 2, 
Data 2, Clock 3, Data 3, Clock 4, and Data 4. When writing an 
address mark, the appropriate data/clock pattern is loaded 
into the data register by the 8X300. Since each byte of data 
from the processor becomes an interleaved pattern (4-bits 
of data and 4-bits of clock) in the 8X330 data register, two 
bytes from the processor are required to write each full byte 
of address mark to the drive—eight bit cells with each cell 
containing a possible data and/or clock transition, ora total 
of 16 bit positions. When writing address marks, the normal 
on-chip clock insertion circuitry of the 8X330 is inhibited: 
thus, the user is free to define any clock/data pattern for the 
address mark. 


When reading address marks, the data register is joaded 
with data and clock representing four bit cells from the disk 
media. The information in the data register can then be 
compared with the expected address mark by the 8X300 on 
a nibble-by-nibble basis. When the DRC bit is set to 1, the 
data register contains separated data (no clocks). A state 
change in this bit does not become effective until the “next 
BYTRA flag appears” following the state-change command. 


Bit 3 (Sync Enable) 

The Sync Enable bit allows the on-chip data separator to 
obtain bit and byte synchronization; this bit also controls 
initialization of the CRC Register. With the 8X330 in Read 
mode and with Bit 3 set to 0, bit synchronization occurs. The 
Preamble field is assumed to be all “zeroes” or all “ones” as 
determined by the Preambie Select bit (CSR 2/Bit 4). 


When the proper number of preamble bytes, as determined 
by the disk-control program, have been found, the Sync 
Enable bit should be changed, under program direction, to 


8X330 


a1. This puts the 8X330 in the Address-Mark search mode. 
Accordingly, all bits of the CRC Register are preset to 1, the 
BYte TRAnsfer flag is inhibited, and the 8X330 examines the 
data stream for an Address Mark. The Address Mark is 
detected by observing the data and clock bits to find a 
change in the normal Preamble pattern. Byte synchroniza- 
tion is achieved by assuming that the change occurred in 
the bit cell determined by two Bit Select bits (CSR 2/Bits 2 
and 3). 


When the pattern change is found indicating the start of an 
Address Mark, the 8X330 starts CRC computation and 
synchronizes BYTRA to the byte boundaries. Note that the 
8X330 presumes an Address Mark by finding achange in the 
preamble pattern; however, it is up to the 8X300 to read the 
Address Mark and to establish its validity or non-validity. 


In write mode, setting the Sync Enable bit to 0 presets all 
bits of the CRC Register to 1. Setting the Sync Enable bit to 
1 allows CRC computation to begin at the next byte boun- 
dary. 


Bit 4 (Load Counter) 

When set to 1, transfers 8-bits of data from Sector Length 
register and 1-bit (MSB) of data from Byte Counter (refer to 
next description) to 9-bit Byte Counter. Loading of the 9-bit 
Byte Counter is effective one bit-cell time after the Load 
Counter bit is set to 1. In both the read and write modes of 
operation, the Byte Counter is incremented by BYTRA. The 
Load Counter bit is self-clearing and always returns a 0 
when read. 


NOTE 
The Load Counter bit must be set one or more instruction cycles after setting the Byte 
Counter MSB, that is, bits 4 and 5 of CSR 1 cannot be set during th same instruction cycle. 


Bit 5 (Byte Counter MSB) 

This bit is used to set and monitor the state of the ninth 
(MSB) bit in the Byte Counter; reading this bit always 
returns the current state of MSB in the Byte Counter. The 
MSB of the Byte Counter is set to the value of CSR 1/Bit 5 
when the Load Counter bit (CSR 1/Bit 4) is asserted—refer 
to preceding description. 


NOTE 
The Byte Counter MSB must be set one or more instruction cycles before the Load 
Counter bits—bits 4 and 5 of CSR 1 cannot be set during the same instruction cycle. 


Bit 6 (BYTRA) 

During a disk read operation, the BYte TRAnsfer flag is 
automatically set to 0 when 8-bits of information are trans- 
ferred from the Data Shift Register to the Data Register 
—see Figure 1. During a disk write operation, BYTRA is 
automatically set to 0 when 8-bits are transferred from the 
Data Register to the Data Shift Register. BYTRA (a read- 
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only bit) is reset to.a 1 when the Data Register (address 1378) 
is selected by the user’s program. During read/write opera- 
tions, the 1-to-0 transition of the BYTRA flag increments the 
Byte Counter to keep count of bytes read or bytes written. 
All read-only bits of the 8X330 are designed to remain stable 
during the monitor period; thus, to read a status change of 
BYTRA, Disk-Status bit, the Byte Counter MSB, or other 
read-only bit requires a two-instruction loop similar to: 


-TEST SEL CSR 1 
NZT BYTRA, TEST 

Bit 7 (Disk Status 1) 

Reflects state (0 or 1) of input DS1 (pin 17); this is a user- 

definable read-only bit. 


NOTE 
A high input on any one of the Disk Status lines of the 8X330 is read by the 8X300 program 
as a logical 1 and a low input on the status lines is read as a logical 0. 


Command/Status Register #2 (CSR 2/Address 1338) 


Tne disk status (read) or disk-command (write) contents of 
this register are interpreted as follows: 


Bit 0 (Precompensation Enable) 

This command bit determines whether or not precompen- 
sation is applied to the data stream being written onto the 
disk. When set to 0, precompensation is inhibited. When set 
to 1 and with double-density encoding, write precompensa- 
tion is applied to the following data/clock bit patterns: 


Precomp Data/Clock Pattern BitBeing Bits Already Written 
Time (in Data Shift Reg) Written to Disk 
2T (Late) 0 1 0 1 0 0 0 
2T (Late) 0 1 0 1 0 0 1 
2T (Early) .1 0 0 1 0 1 0 
2T (Early) 0 0 0 1 0 1 0 
1 
where, T = —— if bit 7 of CSR 2 (1/2F) = 1 


crystal frequency 


2 
T=———---———- if bit 7 of CSR 2 (1/2F) = 0 
crystal frequency 


Bit 1 (Read Mode) 

When set to 0, the 8X330 reads data from the disk and 
transfers it to the Data Register; when set to 1, data from the 
Data Register is transferred to the disk, provided the Write 
Gate Enable bit (CSR1/Bit 0) is set to 1. With WGE set to 0 
and the Read Mode bit set to 1, the current-controlled 
oscillator is forced to lock onto the crystal oscillator; this 
technique is used during a data-read operation to ensure 
rapid acquisition of the disk data. 


Bits 2,3 (Bit Selects 1 and 0) 

Together with the Sync Enable (CSR 1/Bit 3), these two bits 
allow the user to establish byte boundaries for the data 
stream; this is done in. the following way. After bit synchron- 
ization is established, and the preamble pattern is verified, 
the 8X330 looks for a change in the normal preamble 
pattern. As shown in the following truth table, Bit Select 1 
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(Bit 2) and Bit Select 0 (Bit 3) identifies the bit cell within the 
first nibble of the first Address-Mark byte in which the first 
deviation from the normal preamble is expected. BYTRA is 
always referenced to bit cell 0. 


BS 0 BS 1 Bit Ceil 
0 0 0 
0 | 1 1 
1 0 2 
1 1 3 


Bit 4 (Preamble Select) 

This bit is used only for bit sychronization—refer to CSR 
1/Bit 3. With Bit 1 of CSR 2 set to 0 (Read Mode) and the 
Preamble Select bit set to 0, the preamble field is assumed 
to be all zeroes; with the Preamble Select it set to 1, the 
preamble field is assumed to be all ones. !n either case, 
preamble validity is determined by the 8X300. 


Bits 5,6 (E1 and E2) 
Together, E1 and E2 select the encoding scheme used to 
write data on the disk—refer to truth table that follows. 


Ei ___—_—«E Encodihg Scheme 
1 Xx FM 

0 0 MFM 

0 1 M2FM 


x = don’t care 


Bit 7 (1/2F) 

This bit allows the data transfer rate to be changed without 
modification of the frequency-selective components in the 
data-separation logic; thus, differences in data transfer 
rates between standard-and-mini floppies can be accom- 
modated via software—no component or other hardware 
changes. Assuming an 8 MHz crystal and with the 1/2F bit 
set to 1, the data transfer rate is 250K-bits per second in the 
single-density (FM) mode and 500K-bits per second in the 
double-density (MFM/M2FM) mode. When set to 0, the 
transfer rates are halved-—125K-bits and 250K-bits, respec- 
tively. When using frequencies other than 8 MHz, the data 
transfer rate is determined as follows: 


Single-Density Doubie-Density 


Bit 7 (1/2F) (FM) (MFM/M2FM) 
0 xtal freq xtal freq 
64 32 
1 xtal freq xtal freq 
32 16 


Command/Status Register #3 (CSR 3/Address 1348) 


This register contains seven bits (Bit 0 through Bit 6) which 
determines the state of the disk-command outputs; writing 
to Bit 7 has no effect and reading Bit 7 always returns azero. 
When a logical “1” is specified by the 8X300 program for a 
given disk-command line, a high will appear at the output of 
the 8X330 for that particular command line. Each bit and the 
output pin it controls are summarized below. 
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___Bit (CSR 3) _Control Function _ Pkg Pin No. 
0 DC1 Output 12 
1 DC2 Output 11 
2 DC3 Output 10 
3 DC4 Output 9 
4 DC5 Output 8 
5 DC6 Output 7 
6 DC7 Output 6 


Command/Status Register #4 (CSR 4/Address 1358) 


This register contains four bits (Bit 0 through Bit 3) which 
reflect the state of the disk-status inputs to the 8X330; 
reading all other bits (4 through 7) always returns a zero. 
These read-only bits and the reflected status they represent 
are as follows; the information specified by notation for Bit 
7/CSR 1 is applicable to these input lines. 


Bit (CSR 4) Control Function Pkg Pin No. 
0 DS2 Input 16 
1 DS3 Input 15 
2 DS4 Input 14 
3 DS5 Input 13 


Phase Lock Loop (PLL) and Data Separation Logic 
An expanded view of the phase-lock loop and the data- 
separation logic is shown in Figure 4. Basically, the PLL 
consists of two counters, a phase detector, and a feedback 
loop containing a low-pass filter (off-chip) that controls a 
phase-locked oscillator (CCO). In simplified form, the data- 
separation logic consists of data flip-flops (pulse synchron- 
izer) and other circuits required to separate data and clock 
transitions. In the read mode, the output of the phase- 
locked oscillator (CCO) is applied to the clock inputs of 
counter #1, counter #2, and the pulse synchronization 
circuits. Essentially, the frequencies of the two counters are 
identical (phase relationships may or may not be identical); 
to maintain proper frequencies and to continuously correct 
for any phase deviations, the following actions occur. 


Preset values which represent, respectively, nominal mid- 
points of the clock and data windows are present at counter 
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Sector Length Register—Address 1368 


This register contains the load value for the lower eight 
(LSBs) bits of the Byte Counter. Data is transferred from the 
Sector Length Register to the Byte Counter under control of 
Load Counter Bit in CSR 1. When the contents of this 
register are transferred to another location via a read or 
write commands, the origina! holding of data is not lost; 
thus, if the same data is to be used more than once, a 
repetitive read or write can be implemented without reload- 
ing the register. 


Data Register—Address 1378 


Together with the Data Shift Register, the Data Register is 
used for bidirectional transfer of data between the 8X330 
and the I/O bus. All transfers to-and-from this register are 
made in conjunction with Bit 6 (BYTRA—Byte Transfer 
Flag) of CSR 1. When the Data Register Control bit (CSR 
1/Bit 2) is set to 0, the content of this register is interleaved 
with four bits of data and four bits of clock. When data is 
transferred from the Data Register to the Data Shift Regis- 
ter, the original content of the Data Register is not lost. 


#2 and, when an output appears at the pulse synchronizer, 
these preset values are entered. The count sequence for 
both counters is from “O to F”; hence, the phase difference 
between Carry 1 (counter #1) and Carry 2 (counter #2) 
actually corresponds to any phase deviation between the 
CCO and the synchronized data from the disk. The phase 
detector measures the phase difference between the two 
carry inputs and produces a series of quantized pulses 
whose widths are proportional to the phase error at the end 
of each counting cycle. After integration by the low-pass 
filter, a current proportional to the phase error is applied to 
the current-controlled oscillator. Accordingly, the CCO is 
driven in a direction (pump-up or pump-down) to correct 
any phase difference between the synchronized disk data 
and the feedback-controlled clock. Phase detector charac- 
teristics for both single-and-double density formats are 
shown in Figures 5 and 6. 
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NOTE 

All horizontal/vertical units are specified in CCO clock periods; for 
standard floppy double density (MFM/M2FM), one CCO clock period 
equals 125 nanoseconds 


Figure 5. Phase Detector Characteristic for Figure 6. Phase Detector Characteristic for 
Single-Density (FM) Format Double-Density (MFM/M2FM) Format . 
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Data Processing and Error-Check Functions CSR1 and CSR2. For the sake of simplicity, control lines 
svat Sea and much of the control logic associated with the data 
These functions of the 8X330 are summarized in Figures 7 processing and error-check functions are omitted in the 


and 8. The read/write operations are software-controlled by read/write diagrams. 
previously-described bits of command/status registers 
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Figure 7. Simplified Block of Data Processing and Error Check Functions—Write Mode 
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Figure 8. Simplified Block of Data Processing and Error Check Functions—Read Mode 
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DC CHARACTERISTICS Voc = 5V (+5%), Ta = 0°C to 70°C 


PARAMETER TEST CONDITIONS wild UNITS COMMENTS 

ViH High level input voltage Ie ot ap ue ual For all inputs except X1, X2, 

Vcc Supply voltage 4.75 
Vcc = 5V 


Vcc = Min; 
1IOH = —0.4mA 


Voc = Min; lon = —3mA 2.4 


Vcr Regulator voltage 


VcL Input clamp voltage 


Inputs X1, X2, C1, C2, and CCO 
do not have internal clamp 


VOH High level output voltage 


» 
N 


> a] 
O 
O 


V 


VoL __ Low level output voltage 1 through DC7 (Pins 6- 12); 


DN (Pins 33, 34); DW 


P 
4) 


Vcc = Min; lop = 40mA WG (Pin 19) 
IcEx Open-collector leakage A WG (Pin 19); PUP (Pin 34); 
current with output set to 1. PDN (Pin 33) 
lity High level input current Voc = Max: Vin = 2.7V uA | DS1-DS5 (Pins 13-17); 


PF (Pin 18); DR (Pin 5) 


pA ME (Pin 21); MCLK (Pin 22); 
SC (Pin 23); WC (Pin 24) 


With C1 (Pin 36) under test, C2 
(Pin 37) is open and, vice-versa. 


Voc = Max; 
VIN = 5.25V; 

| CCO (Pin 35) input 
current = OmA 


Voc = Max; Vin = 5.25V 
CCO (Pin 35) input 
current = 1mA 


Voc = Max; 
VIN = 0.6V 


mA With X2 (Pin 2) under test, X1 
(Pin 3) is open and, vice-versa. 


VO - IV7 (pins 25-32) 


Voc = Max; VIN = 4.5V 


Voc = 5V; Ta = 25°C 
CCO input current 
(Pin 35) = 300 pA 


Vcco Input voltage for 750 
current-controlled 


oscillator 
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DC CHARACTERISTICS (Cont'd) Voc = 5V (+5%), Ta = 0°C to ae 


PARAMETER TEST CONDITIONS 


| LIMITS | units COMMENTS 
iL Low level input current = ; —400 |, DSt- DS5 (Pins 13-17); 
=0. PF (Pin 18); DR (Pin 5) 
~800 ME (Pin 21); MCLK (pin 22); 
SC (Pin 23); WC (Pin 24) 


X1 (Pin 2), X2 (Pin 3), with X1 


under test, X2 is open and, 
vice-versa. 


los Output short-circuit current | Voc = Max; DC 1- DC7 (Pins 6-12) & DW 
Output = “1"; Vout = “0”. 


(NOTE 
At any time, no more than one output mA V7 (Pins 25-32) 
should be connected to ground) 


1 Ico (Pin 40) 
icr 


IREG (Pin 39) Voc = 5V; Vor = OV & Va = 2) -16 | 


NOTES 
. Operating temperature ranges are guaranteed after thermal equilibrium has been 
reached. 
2. All voltages measured with respect to ground terminal. 
3. Unless otherwise specified, each test requires that Vor be supplied through a series- 
pass transistor as shown in the accompanying drawing. 


_ 
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8X330 


AC CHARACTERISTICS Vcc = 5V (+5%), Ta = 0°C to 70°C 


REFERENCE INPUT OUTPUT 


ad 


Typ 


af 


oF 
Gre 
aw 


Sc Input on DS1-5 


= 
QO oO 
ete Ee a 


fy 
AIT ATE 


ME Input on DS1-5 
\% SC input on DS1-5 ons | 


~~ \ WC __ IInput on DS1-5 
ME Input on DS1-5 


i 


= = = = = 
e) QO @) 7) re) 
i a r~ r~ i 
x x x x x 


1/O bus 25ns 


Refer to Test Loading Circuit #3. 


ME | 
ie 


30ns 


tw (MCLK 
pulse width) 


tsp (data 
setup time) 


tsp (ME setup 
time) 


tsp (SC setup 
time) 


tsp (WC setup 
time) 


WC 


tHp (data hold 1/O bus 
time) 


he mneennnewemen 
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Floppy disk formatter/controller 


AC CHARACTERISTICS (Cont'd) Voc = 5V (+5%), Ta = 0°C to 70°C 


COMMENTS 


| tp (ME hold aE 
time) 


time) 


tHp (WC hold 
time) 


NOTES 

1. Write pulse width = 2/Fyy,;,. that is, for 8MHz crystal, toy, = 250nsec (typical) 

2. Changes on DS1-5 are not stored in read mode (ME = 0, SC = 0, and WC = 0) 

3. During the period when MCLK is high, measurement is made with ME = Low, SC = Low, 
and WC = High. 


TEST LOADING CIRCUIT 


CIRCUIT #1 CIRCUIT #2 CIRCUIT #3 


+5V 
+5V +5V 
TEST 
POINT ‘ Rui 
L Rit 
5052 
1100 2320 
FROM OUTPUT FROM OUTPUT FROM OUTPUT 
UNDER TEST UNDER TEST UNDER TEST 
CL Ri2 
300pF 5450 
PROPAGATION DELAY TIME PULSE WIDTH WAVEFORM 
\ 
INPUT 1.5V 1.5 1.5V 
\s 
1 | 
ae 
H | eee ———< 
H BP ewe CER SO a ae 
7 | i 
OUTPUT 
SETUP & HOLO TIMES 
OUTPUT ENABLE AND DISABLE TIMES 
4 
REFERENCE 1.5V —) y, 
ai contro. = | 
eam ca WED 807A ene CE He GOD CM oe? { 1.5V 1.5V 
INPUT . . 
er tserur =| tHoLo > Seo a a ne cc | 
t tOE 4 top 
ont OE { eee | 


! 
J U 

DATA/CONTROL 1 1.5V , 1.5V 
Nise cis deveiat endear’ 


ere enna nner ae ran eaten at heen A Hh Se en ner see renee mers eens tenanrmaaGsinatsemrwintrt 


DATA 
OUTPUT = 0 
VOL 
VOH 
DATA 
OUTPUT = 1 


ee te nee Sota nner een seen ene nn panes pnt enema rarities net Tt AY 
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CLOCK REQUIREMENTS 


Crystal Oscillator.The on-chip crystal oscillator circuit is 
designed for operation using an external series-resonant 
quartz crystal; alternately the crystal osci!lator can be 
driven with complementary outputs of a pulse generator or 
interfaced to a master clock source via TTL logic—see 
accompanying circuits. When a crystal is used, the on-chip 
oscillator operates at the resonant frequency (f.) of the 
crystal; the crystal connects to the 8X330 via pins 3 (X1) and 
2 (X2). The lead lengths of the crystal should be approxi- 
mately equal and as short as possible; also, avoid close 
proximity to all potential noise sources. The crystal should 
be hermetically sealed (HC type can) and have the following 
electrical characteristics: 


Type: Fundamental mode, series resonant 
Impedance at Fundamental: 35-ohms maximum 
Impedance at Harmonics and Spurs: 50-ohms minimum 


When the crystal oscillator is externally-driven, typical 
waveforms are as follows: 


TYPICAL WAVE FORM 


CLOCKING XTAL OSC WITH PULSE GEN 


PULSE 
GENERATOR 


PULSE GEN CHAR: 
Zour = 502 

Vout =0-2V 
RISETIME =< 10ns 
SKEW = 10ns 
COMPLEMENTARY OUTPUTS 


CLOCKING XTAL OSC WITH OPEN-COLLECTOR 
TTL 


Xt —> 
i I 


le tskew > 


x2 —> 


Pe ee ey ee ee 


FREQ —— 


ree 


FREQUENCY = 8MHz (TYPWI6MHz (MAX) 


tpw = 50% (TYP) 


tgxew ss 10ns 


1 te a A OC RET AAD ng en emer manent ne RN Se ERROR ASN RRC meen} RNY herald mR NRLNcRLes mater mnraiteatL sateen AR 
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Floppy disk formatter/controller 8X330 


Current-Controllied Oscillator (CCQ). CLOCKING WITH OPEN-COLLECTOR TTL 
A non-polarized ceramic or mica capacitor is recom- 
mended for the current-controlled oscillator. The capacitor 
connects to the 8X330 via pins 37 (C2) and 36 (C1); lead 
lengths of the capacitor should be approximately the same 
and as short as possible. When the input current to the CCO 
is near zero (maximum frequency), the capacitor value 
should be chosen so that the high-limit rest frequency of the 
oscillator does not exceed 24 MHz. If the rest frequency is 
higher than 24 MHz, synchronization of the CCO with the oa een 


TO C2 (PIN 37) 


crystal oscillator just prior to the read operation, may be 
impeded. The curves in Figure 9 (current-versus-frequency) 
and Figure 8 (capacitance-versus-frequency) show how 
these design parameters affect operation of the CCO overa 
temperature range of 0°C to 70°C. A suitable test circuit for 
verification/validation of the current-controlled oscillator is 
also shown in Figure 10. Like the crystal oscillator, the CCO 
can be driven with the TTL output of a pulse generator or 
interfaced toa master clock via TTL logic—see accompany- 
ing diagrams. 


CLOCKING WITH PULSE GENERATOR 


OUTPUT OF TO C2 (PIN 37) 
PULSE GEN 


5V _t = TO C1 (PIN 38) 
ov | O.4ut 


Seth ata eae sa 
aan ~< ae eee ee eS 
eee. See eee eee eee 
SSREREAED. NuceeUbeeeenes 


FREQUENCY IN MHz 


a ONS Ee 
gee Sworn. 


[aa tees = atin) —_G 


CURRENT IN MICROAMPERES 


Figure 9. Current-versus-Frequency with: Vcc = 5V and Capacitance = 25 Picofarads 
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FREQUENCY IN MHz 


br — n,n — |  ~  ; i — c,d 
Se oe >) i > i «a, a ; 


* DW OUTPUT PULSE 
RATE = Foco/16 


CAPACITANCE IN PICOFARADS 


Figure 10. Capacitance-versus-Frequency with: Vcc = 5V, VCR = 2.5V, and | = 300A 


VOLTAGE REGULATOR 

All internal logic of the 8X330 is powered by an on-chip 
voltage regulator that requires an external series-pass 
transistor. Electrical specifications for the off-chip power 
transistor and a typical hook-up are shown in accompany- 
ing diagrams. To minimize lead inductance, the transistor 
should be as close as possible to the 8X330 package and the 
emitter should be ac-grounded via a0.1-microfarad capaci- 
tor. 


TYPICAL HOOK-UP 


ELECTRICAL SPECIFICATIONS 


"PARAMETER — CONDITIONS ss LIMITS 
Ate Vce = 2V >50 
VBEON Vce = 5V/Ic = 500mMA <1V 
VCESAT Ic = 500 mA/Ip = 50 mA <0.5V 
BVcEO >8V 

ft >30 MHz 


*Medium power NPN silicon (0°<Ta<70°C) recommended parts: 2N5320, 2N5337 


8X350 (T.S.) 


2048-BIT BIPOLAR RAM (256 x 8) Originally published by Signetics January 1984 
FEATURES TYPICAL I/O STRUCTURE PIN CONFIGURATION 
e On-chip address latches 


e 3-state outputs sere F PACKAGE 

e Schottky clamped TTL 

e internal control logic for 8X300 system 

e Directly interfaces with the 8X300 
bipolar microprocessor with no 
external logic 

e May be used on left or right bank 


APPLICATIONS 
© 8X300 or 8X305 working storage 


DESCRIPTION 

The 8X350 bipolar RAM is designed princi- 
pally as a working storage element in an 
8X300 based system. Internal circuitry is 
provided for direct use in 8X300 applica- 
tions. When used with the 8X300, the RAM 
address and data buses are tied together ORDER NUMBERS 
and connected to the IV bus of the system. 


TOP VIEW 


. 8X350N, 8X350F 
The data inputs and outputs share a com- S8X350F/883B 
mon !/O bus with 3-state outputs. 


The 8X350 is available in commercial and 
military temperature ranges. For the com- 
mercial temperature range (0°C to + 75°C) - PARAMETER 
specify N8X350-F, and for the miltiary tem- 
perature range (—55°C to +125°C) Supply voltage 


specify S8X350-F. Input voltage 
Output voltage 


High 
Off-state 
Temperature range 
Operating 
Commercial 0 to +75 
Military —55 to +125 
Storage —65 to +150 


TRUTH TABLE Note X = Don’t care : BLOCK DIAGRAM 


BUSSED 
MCLK |; DATA/ADDRESS 
LINES 


Hold address 
Disable data out X High Z data out 


MEMORY CELL MATRIX 
32 X 64 = 2048 


Input new address fe) Address 
Hold address High Z 


COLUMN SELECT 


READ/ WRITE CIRCUIT 


Disable data out High Z data out 


Hold address 
Write data Data in 


Hold address 
Disable data out High Z data out 


Hold address 
Read data | 0 Data out 


Undefined state'!2 | 0 — 


Hold address !2 aa alt 
Disable data out | - - | High Z data out | 


Op Dy D2 Dg De 05 De 07 
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8X350 (T.S.) 


DC ELECTRICAL CHARACTERISTICS2 Nex350: 0°C < Ta < +75°C, 4.75V < Voc XS 5.25V 
S8X350: —55°C < Ta < +125°C, 4.75V < Voc < 5.25V 


N8X350 


| Nexsso | S8xs50_ 
ue | min [tye | Max | min | typ | Max | UN 


PARAMETER 


Input voltage 
VIL Low! 
High! 
Clamp!:3 


Voc = Max 
Vcc = Min, in = —12mA 
Output voltage 


VOL Low!.4 
High!§ 


Voc = Min 
lor = 9.6mA 
IOH = —2mA 


Input current 
he Low 
High 


Vin = 0.45V 
VIN = 5.5V 


Output current 
lO(OFF) High Z state 


ME = High, Voyt = 5.5 V 
ME = High, VoyT = 0.5 V 
SC = WC, ME = Low, 


Vout = OV, Stored High 


los Short circuit?® 


loc Vcc supply current’ 


Capacitance ME = High, Vcc = 5.0V 
CIN input VIN = 2.0V 5 
COUT Output VouT = 2.0V 8 


AC ELECTRICAL CHARACTERISTICS 2,9 Nax350: 0°C < Ta < +75°C, 4.75V < Voc < 5.25V Ry = 4700, Ro = 1kQ, CL = 30pF 
S8X350: —55°C < Ta < +125°C, 4.75V < Voc S 5.25V 


PARAMETER TO 


Enable time 
Output 
Output 


Data out 
Data out 


Disable time 
Output 
Output 


Data out 
Data out 


Pulse width 
Master clock® 


é Setup and hold time 
TSA Setup time MCLK— Address 


THA Hold time Address MCLK— 
Tsp Setup time MCLK— | Data in 
THD Hold time Data in MCLK— 
Ts3 Setup time | MCLK— ME- 

TH3 Hold time ME+ MCLK— 
Ts} Setup time MCLK— ME-— 

TH2 Hold time ME-— MCLK— 
Tso Setup time ME- SC-,WC— |. 
TH1 Hold time SC— MCLK— 
TH4 Hold time wc- MCLK— 


Notes on following page. 
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2048-bit bipolar RAM (256 x 8) 


TIMING DIAGRAMS 


TRANSPARENT ADDRESS READ CYCLE 


1.5V 


L— Ts1 


1.5V 


—— Tsa 


TH1 Te1 


1.5V 


LATCHED ADDRESS WRITE CYCLE 


MCLK 1.5¥ 


coir ee 
|< T 53 TH3 <— 


ME "1 1.5V 1.5V 


|+——Tsp——»| THD |~— 


Sc = 9 10,12 


NOTES 


1. 
2. 


All voltage values are with respect to network ground terminal. 

The operating ambient temperature ranges are guaranteed with transverse air flow 
axceeding 400 linear feet per minute and a 2-minute warm-up. 

Typical thermal resistance values of the package at maximum temperature are: 
Oya junction to ambient at 400fpm air flow - 50°C/ wait 

0 ya juriction to ambient - still air - 9O°C/watt 

4, junction to case - 20°C/watt 


. Test each pin one at a time. 
. Measured with a logic low stored Output sink current is supplied through a resistor to 


Voo. 


. Measured with a logic high stored. 
. Duration of the short circuit should not exceed 1 second. 
- loc 18 measured with the write enable and memory enable inputs grounded, all other 


inputs at 4.5V and the output open. 


. Minimum required to guarantee a Write into the slowest bit. 
. Applied to the 8X300 based system with the data and address pins tied to the IV Bus. 


_ SC + ME = 1 to avcid bus conflict. 
11. WC + ME = 1 to avoid bus conflict. 
. Tre SC and WC outputs from the 8X300 are never at 1 simultaneously. 


HI-Z +3V 
ADDRESS v/ DATA OUT 
VALID Eg: Lie WU WW Wh vaio. 15 
ee Toi ——> 


+3V 


OV 


8X350 (7.S.) 


TIMING DEFINITIONS 


Ts1 Required delay between beginning 
of Master Enable low and falling 
edge of Master Clock. 


TSA Required delay between beginning 
of valid address and falling edge 
of Master Clock. 


THA Required delay between falling 
edge of Master Clock and end of 
valid Address. 


THY Required delay between falling 
edge of Master Clock and when 
Select Command becomes iow. 


TeE1 Delay between beginning of Se- 
lect Command low and beginning 
of valid data output on the IV Bus. 


Tp1 Delay between when sslect Com- 
mand becomes high and end of 
valid data output on the IV Bus. 


TH2 Required delay between falling 
edge of Master Ciock and when 
Master Enable becomes low. 


TEo Delay between when Master En- 
able becomes flow and baginning 
of valid data output on the IV Bus. 


Tp2 Delay between when Master En- 
able becomes nigh and end of vai- 
id data output on the iV Bus. 

Tso Required delay between when Sa- 
lect Command or Write Command 
becomes low and when Master En- 
able becomes low. 


Tw Minimum width of the Master 
Clock pulse. 
733 Required delay between when 


Master Enable becomes low and 
falling edge of Master Clock. 
TH3 Required delay between falling 
edge of Master Clock and when 
Master Enable becomes high. 
Tsp Required delay between beginning 
of valid data input on the IV Bus 
and falling edge of Master Clock. 
THD Required delay between falling 
edge of Master Clock and end of 
valid data input on the IV Bus. 
TH4 Required delay between falling 
edge cf Master Clock and when 
Write Command becomes low. 


VOLTAGE WAVEFORM 


naar None Re HAcHmem AED ALONE 


INPUT PULSES 


ALL INPUT PULSES 


OV enwerenae 


Measurements: All circuit delays are measured at 
the +1.5V leve! of inputs and output. 


% 
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8X350 (T.S.) 


TYPICAL 8X350 APPLICATION 


irene at SIGNETICS 
+5V RESET HALT 8132 
fe Oo oO = 


, A4~A12 

UDO-UD7 

SIGNETICS 
828115 
512X8 
PROM 


1/0 PORT 


CE9 | CE, 


STROBE IVBO-IVB7 


8X300 
MICROCONTROLLER 


MCLK 


Sc. wc 
' UDO-UD7 
nel CON Gee ae 


SIGNETICS 
828115 
512X8 


UDO-UD7 
Las te } 1/0 PORT 
CE, |GEy) ale 
= 
——_——--O 6 
0 B6E 


UDO-UD?7 


zm : 
° 
E: zg & = 

: aes ] 

S 7 io i : q 

i | a 
( OO 

| o BI : 7. 

| 8 5 Ree 
<~_— OO OO. USER CONNECTION err 


Mar et BEN AeA RE AE APE Oca eaemNe 


YEST LOAD CIRCUIT 
LOADING CONDITION 


Vec 


1K 
ae 


PULSE 
GENERATOR 


5.0V 


R, 


PULSE 
GENERATOR 


PULSE 


| GENERATOR N 
PULSE 
| GENERATOR | 


All resistors values. are typical. and in ohms 


ae OL 


(CAPACITANCE INCLUDING 
SCOPE AND JIG) 


{eer aerate cnn ae a te AA SER ree A ea three en even Nn remem nee 
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Bipolar Ram (32X8) 


Product Specification 


DESCRIPTION 

The 8X353 is a 32-byte RAM designed 
principally as a working storage element 
in 8X305-based systems. The 8X353 is 
ideal for applications requiring a relative- 
ly smail amount of data storage and 
maximum |/O flexibility. Since the 8X353 
takes up only 32 of 256 locations on a 
controller bank, this device allows single 
cycle, bank-to-bank data transfer and 
other implementations in which the user 
does not wish to dedicate an entire |/O 
bank to data storage. Contributing to the 
versatility of the 8X353 is a fast select 
feature which, when supplemented with 
extended micro-code, allows this device 
to be selected externally of the IV bus. 


BLOCK DIAGRAM 


8X353 


Originally published by Signetics January 1985 


FEATURES 
@ 32 bytes of storage 


e 32 port addresses (00, - 373) 


@ 224 bank addresses available for 
other 8X305 peripherals 


e Fast Select feature for use with 
extended micro-code 


e On-chip address decoding 
e Separate address input pins 
e Direct interface 

e Single 5V power supply 

e 0.3 inch, Slim Line package 
e 0.3 inch, CERDIP package 


PIN CONFIGURATION 


= 
< 
ce 
A a 
4 
eS 
© 
) 
x 
nN 
i) 


1/O BUFFERS 


READ/WRITE 
AMPLIFIERS 


328 
MEMORY CELL MATRIX 


597 


August 1985 


598 


Product Specification 


PIN DESCRIPTION 


32 x 8 BIPOLAR RAM 


August 1985 


FUNCTION 


ADdress bus - Active low inputs that define which 
memory locations are to be accessed. 


IDENTIFIER 
AD7 - AD3 


Fast Select - When active low, this input allows 
read and write operations without performing a 
full select cycle. 


Master Enable - When low, this input indicates 
the microcontroller bank is active; otherwise the 
chip will not respond te any signal on the IV bus. 


Master CLocK~—A standard 8X305 clock input 
used for timing reference and system 
synchronization. 


Select Command -When active high, this input 
indicates IV bus data is to be interpreted as an 
address. 


GrouND. 


Write Command - When active high, this signal 
indicates data is being input from the IV bus. 


Interface Vector Bus - Three-state, active low, 
bidirectional signals which communicate !/O data 
and addresses (chip select). 


Supply Voltage. 


Bipolar RAM (32 x 8) 


Product Specification 


FUNCTIONAL OPERATION 

The 8X353 is capable of performing two 
functions — write and read. These opera- 
tions, and the control logic necessary for their 
execution, are described in the following text 
and summarized in Table 1. Typical timing 
relationships for write, read, and select cycles 
are shown in Timing Diagrams. 


Select Logic 


Standard Select Cycle — Before a read or 
write can occur, the 8X353 must first be 
selected by either a standard select cycle or 
by Fast Select operation (see below). A 
standard select cycle is initiated when SC and 


Table 1. Summary Of 8X353 Operation 


MCLK are high, and ME and WC are low. The 
three most significant bits on the IV bus are 
then compared with fixed internal values 
(1105 active low), and if identical, an internal 
select latch is activated (high) and the five 
bits of the memory address (pins AD7 — AD3) 
are loaded into an address latch. 


As shown in Table 1, the 8X353 remains in 
the selected state until another select cycle is 
initiated, at which point the select latch and 
addresses are updated. 


In situations where more than one RAM is 
required, the fixed internal values of IVO, IV1, 
and IV2 can be used as chip addresses. By 


CONDITIONS 


ME SC 


Aur 


Dis 

Dos 

Aur 

Aur 

Dir 

Dor 

ME High 
ME High 


Dos w/o 
MCLK Low 


fo (3B oc Re re (6 os 
- «<— «< -f TK VN F- CF 
- «— «KX - TF &K fF er 


Dos w/o 
select latch 
High 


Dis w/o 
MCLK High 


Dis w/o 
select latch 
High 


Aus w/o 
MCLK High 


Not defined 


NOTES: 

1. Aus 
Dis 
Dos 
Aur 
Dir 
Dor 


address update with standard select 
data input with standard select 
data output with standard select 
address update with fast select 
data input with fast select 

data output with fast select 


Nh 


. Depending on IV bus data 
3. Fast select Logic (FS) given but is not used for 8X305 operation. 
X = 


Don't care 


WC MCLK FS 


Select IV AD 


Latch 


address) 
Input 

Output Ignore 
Ignore Input 
Ignore Input 
Input 


Output 


Ignore 
Ignore 
Ignore Ignore 


Ignore Ignore 


Tereé<K fF TFT IrtIteree 
ae of SES. pres es OE e- -E 
<x< K K K KK OUKCUrCTCUC CZ 


Ignore Ignore 


Ignore Ignore 


Ignore Ignore 


ignore Ignore 


Ignore Ignore 


scrambling these pins, up to three RAMs can 
be selected from a single IV bus. 


Write/Read Operation 


Write and read operations are possible only 


ee te ee ith eed thi a, 


after the 8X353 has been selected by eithera | 


standard select cycle or by Fast Select opera- 
tion. As shown in Table 1, data !/O is 
controlled by ME, SC, WC, MCLK, FS, and 
the current state of the select latch. 


After a data address has been latched, data 
is written to the specified memory location 
when MCLK and WC are high and ME is low; 
a read occurs when MCLK, WC, SC, and ME 
are low. In both cases, data is transmitted via 
the IV bus. 


RESULTS 


Select 
Latch 


Update? 


Address 
Latch 


Update? 


Data 


Keep Keep 


Keep Keep 
Update Keep 
Update Keep 
Update 


Keep 


Keep Keep 


Keep Keep 


Keep - Keep Keep 


Keep Keep Keep 


Keep Keep Keep 


Keep Keep Keep 


Keep Keep Keep 


Keep Keep Keep 


Keep Keep Keep 


Not defined 
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8X353 


Product Specification 


ABSOLUTE MAXIMUM RATINGS 


| PARAMETER | 
High level input 
Vv Low level input 
ie voltage 
y, High level output IV pins: Voc = Min, 
On voltage lon = —-3.2mMA 
ve Low level output IV pins : Voc = Min, 
— “OL voltage lo = 16mA 
Vic. 


Input clamp voltage | Voc = Min, lin =-10MA . 


Address pins and control pins: 
Voc = Max, 
Vin = 4.5V 


~. High level input (or 
in leakage) 
current 


Address pins and control pins: 
Voc = Max, 


Low level 
input current 


are 


2m an 
3 | s ji 
Ba 


Vin = -5V 
Short circuit poe ee cn Ae | 
High-Z state output IV pins: Voc = Max, 
—— '0ZH current - high level Vo = 2.7V ne HA 


A 
fo) 
© 
> 


= High-Z state output IV pins: Voc = Max, 
oe current — low level Vo = .5V 
Icc Supply current All inputs: oa 


NOTES: 
1. All voltages measured with respect to Ground terminal. 
2. At any time, no more than one output should be connected to ground. 


y s 
_ 
oO 
. 
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Bipolar RAM (32 x 8) 


Product Specification 


AC ELECTRICAL CHARACTERISTICS Vcc = 5.0 #5%, 0°C < Ty <70°C 


tumMEMC Master enable hold time 4MCLK| TME FS = High; SC, WC = Low 


Output enable times 
teEpoMC IV output enable time CLK 


tepowc __ IV output enable time we l 
teposc __‘!V output enable time { V 
V 


tepome _ _!V output enable time ME 


—_— 
= 
a 


FS = High; WC,ME, SC = Low 

FS = High; MCLK,ME, SC = Low 
FS = High; MCLK, WC,ME = Low 
FS = High; MCLK, WC, SC = Low 


N 
O 


Output disable times 
tppOMC IV output disable time 


topowc IV output disable time 


[REFERENCES | LIMITS 
PARAMETER een te | TEST CONDITIONS'2° UNIT 
To | Max | 
Pulse width 
twac MCLK pulse width TuciK | McLK | FS =High;ME = Low 
Set-up times 
tsivMC IV set-up time IV 4 MCLK FS = High:ME = Low 
tsapmMc Address set-up time tmctK | FS, SC=High; WC,ME = Low 40 | | ons | 
tswcmc Write command set-up time two | 4MCLK FS = High; SC,ME = Low 
tsscmc Select command set-up time Tsc | SmcLk FS = High; WC,ME = Low 
tsmEMC Master enable set-up time IMCLK FS = High 
Hoid times 
tuivuc _—sIV._ hold time YMCLK] iV FS = High;ME = Low 
tuapmc Address hold time J MCLK FS, SC = High; WC,ME = Low 
tywcomc _- Write command hold time 4 MCLK FS = High; SC,ME = Low 
tuscmc Select command hold time | /MCLK FS = High; WC,ME = Low 


FS = High; WC,ME, SC = Low’ 


aa => 
=< <_— 
S12 1% 

~A 


FS = High; MCLK,ME = Low 


IV 


on; an > jee) 
< 
G 


hm} PMT Nh Q {| o 
ain oOo; oOo 


toposc _|V output disable time Tsc FS = High; MCLK, WC,ME = Low4 
topome __|V output disable time tT ME FS = High; MCLK, WC = Low4 5 s 


NOTES: 

1. Loading: see Test Loading Circuits 

2. All inputs are driven between 0 and 3.0 volts. 

3. Except for output disable times, all timing parameters are measured at 1.5 volts. 

4. These parameters are measured with a capacitive loading of 50pF and represent the output driver turn-off time. Disable times measured into a 
capacitive loading of 300pF will be a maximum of 40ns. 
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Product Specification 


TIMING DIAGRAM 


- [+ —— tsanic ———> 
! | saowe fe 

= ana 
! oe 

we | ! | 
(a 

ee | fescue 


© LUM _mesrssoress XLII 


WF04140S 


a. Standard Select Cycle Timing 
woe fe SN 


+ tewe—j 


—————— 


a | 
| 


! | 
U : : 
i) DON'T CARE DON'T CARE 


» ZL _wewronn  K)KoamoromaXI72X_wroronn XII 


WF04150S 


b. Write/Read Cycle Timing 
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c. Output Enable/Disable Timing 
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Bipolar RAM (32 x 8) 8X353 


Product Specification 


TEST LOADING CIRCUIT 


Ry = 100!) 


OUTPUT 


- 


TCOOS50S 


NOTE: 
C, = 50pF for output disable times. 


APPLICATIONS DIAGRAMS 


8X353 
BIPOLAR RAM 


8X353 
MICROCONTROLLER 


AFO1400S 


a. Implementation of the 8X353 Using IV Bus Select 


IV BUS DATA K 


8X305 
MICROCONTROLLER 


AFO1410S 


b. Implementation of the 8X353 Using FAST Select and External Logic 
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8X353 — 


Product Specification 


APPLICATIONS DIAGRAM (Continued) 


EXTENDED | 
MICROCODE } 
PROM 


74LS74 


K CONTROL BUS ane ‘CONTROL BUS = 8X353 EXTENDED 
ADDRESS BUS |] orexrernac 
| LOGIC 


AF01420S 
NOTES: 
1. The control bus consists of MCLK, SC, WC and ME. 


2. The 8X353 can be selected using the FS pin instead of a normal select cycle. Since the flip-flop is clocked by the falling edge of MCLK, the data input to the flip-flop 
must have sufficient set-up time. 
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ORDERING INFORMATION 
N8X353N (Plastic) 7 
N8X353F (CERDIP) 


Example Use of the 8X353 Fast Select Mode. 
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DESCRIPTION 


The 8X355 Last In/First Out (LIFO) stack 
memory is designed for use with the 
8X305 Microcontroller; however, it can 
be easily adapted to other micro- 
processor-based systems. The 32-byte 
storage capacity of the chip can be 
expanded by cascading to form 8-bit 
wide memories of any required depth. 
Typical applications are shown at the 
rear of this data sheet. 


The 8X355 can be addressed by using 
standard IV bus control logic or, in high- 
performance systems, the instruction 
word of the Microcontroller can be 
extended and the 8X355 can be 
addressed in the fast-select mode. In 
the latter case, an address select cycle 
prior to each data access is omitted. 


BLOCK DIAGRAM 


EIN [4}——+} 
RESET —~~| CONTROL 
= | ae 
me 8©6 G| Laren, 
McK = [8 }—+ 
SC (9}+—| 
wc [i}—+] 


— 


UP/DOWN | 
Logic f 


8X359 
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LIFO Stack Memory (32X8) 


Product Specification 


When used with the 8X310 Interrupt 
Control Coprocessor, this enhanced 
throughput feature is very convenient for 
saving 8X305 internal registers during 
interrupt servicing. For either single or 
stack configurations, the 8X355 uses a 
fixed enabling address (130g), thus, 
once enabled, the memory can accept 
an uninterrupted stream of data. 


FEATURES 


¢ 32 bytes of storage 

¢ Cascadable LIFO operation 

¢ Dedicated port address 

¢ Fast select feature for use with 
extended microcode 

* Three-state TTL outputs 

¢ Single 5-volt power supply 

¢ 0.3-inch, Slim Line package 


B FULL/EMPTY 
LOGIC 


PIN CONFIGURATION 


TOP VIEW 


Order Numbers 
N8X355N, N8X355F 


a ivo 
| lm 
DATA : — 
iv4 
32 x8 pees 
MEMORY CELL [17] V5 
; AND (p= eee 
| BUS INTERFACE | | IV6 
ADDRESS 0 
ADDRESS 31 oes 
[ UbIDOWN | —apoRESS—y 
UP | CounreR [ADDRESS > 
OWN bom 
WRITE 
TRISTATE CONTROL 
ADDRESS DETECT «—________I79]_ GND 
<_——--—{20| Veo 


LIFO Stack Memory (32X8) 8X355 


Product Specification 
CASCADED CONFIGURATION 


‘FOUT EIN _ 


LIFO CHIP: #3 ae 
FIN EOUT | 


LIFO CHIP: #2 


LIFO CHIP: #1 
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NOTE: For simplicity, this data sheet refers to the cascaded configuration shown above in which daia is stacked from bottom to top; however, this 
configuration can be inverted (data stacked from top to bottom) without changing the overall logic of the 8X355. 
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PIN NO. | IDENTIFIER FUNCTION 


 esaseenemenenarenae imam ere ene Cr nn OT En CUSSION SRO UUN SOTO On eee EnDEendaeeennensonetenastenmmmemamameamenteneemammanpemenmmmaatt 


1 FOUT Full Output: When active (low), this output indicates that the 8X355 is full and no further writes can be 
accepted until at least one read operation is executed. On power up, FOUT is high and remains in this inactive 
state until the last memory location is written to. In a cascaded configuration, FOUT is tied to FIN of the next 
higher LIFO chip in the stack. 


2 FIN Full Input: In cascaded configurations, an active (low) FIN signal indicates to a given LiFO chip that the next 
lower chip is full. When FIN is inactive, the 8X355 cannot be accessed except for select and deselect cycles. 
In non-cascaded configurations, FIN is usually forced low to enable reads and writes. 


3 EOUT Empty Output: When active (low), this output indicates that the 8X355 is empty, and further read operations 
| cannot be accepted until at least one write operation is executed. EOUT is asserted in three situations: on 
power up, when FIN is inhibited, and when a read is performed with the stack pointer set at 0. In a cascaded 
configuration, EOUT is tied to EIN of the next iower LIFO chip of the stack. 


4 | EIN | Empty In: In cascaded configurations, an active (low) EIN signal indicates to a given LIFO chip that the next 
| higher chip is empty. When EIN is inactive (high), the 8X355 will not respond to read operations; write 
operations are inhibited by FOUT (which is active), while selects and deselects are allowed. In non-cascaded 


configurations, EIN is usually forced low to enable reads and writes. 


5 | RESET Reset: When active (low), this input returns the 8X355 to empty, deselected status. In cascaded configura- 
tions, RESETs are normally tied together. 


a nL en De 


6 | FS Fast Select: When active (low), this input temporarily allows read and write operations without performing a 
full select cycle. 


7 Master Enable: When active (low), this input indicates that the controller bank is active; otherwise, the 8X355 
will not respond to any signal on the IV bus. 

8 | Master Clock: A standard 8X355 clock input used for timing reference and system synchronization. 

9 Select Command: When active (high), this input indicates that data on the IV bus is to be interpreted as an 
address. 

10 Ground 

11 Write Command: When active (high), this signal indicates that data is being input from the IV bus. - 


emsnnaream ee cena meeecneeteneeneeneeneeetennerenamemetece cementation ett nant em xe emcee eae teeeemcnmeemconmenemmtn eee 


| 12to0 19 | IVOtolV7 | Interface Vector Bus: Active low, bidirectional, three-state signals which communicate I/O data and 
addresses. 
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20 | Voc Supply Voltage 
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LIFO Stack Memory (32X8) 


8X355 


Product Specification 


FUNCTIONAL OPERATION 


The 8X355 performs two fundamental opera- 
tions: write (push) and read (pop). These 
functions, along with the cascading capa- 
bilities and control logic of the device, are 
described below. Typical timing relationships 
for write, read, and select cycles are 
shown later. 


Control Logic 


Select Cycle — Before read or write opera- 
tions can be executed, the 8X355 must be 
selected by either a standard select cycle or 
by Fast Select operation. With MCLK high, 
information entered on the IV bus is either 
an address or input data, depending on the 
states of SC and WC. An active (high) SC 
signal indicates that IV bus data is to be inter- 
preted as an address; this address is then 
compared with that of the LIFO chip (130g). 
If identical, the select latch becomes active 
(high) and the chip may be accessed for 
reads and writes. As shown in Table 1, the 
8X355 remains in the selected state until 
another select cycle is_ initiated 
(MCLK = S~—C=[high]), at which point the 
latch is updated. 


Fast Select — A Fast Select (FS) pin is pro- 
vided which allows the 8X355 to be accessed 
whether or not a select cycle has been exe- 
cuted with the proper address. Since FS is 
ORed with the output of the select latch, this 
input has no effect on latch operation. Note 
that the 8X355 is selected only while FS is 
low, and does not remain selected when FS 
goes high unless a proper select cycle had 


Table 1. General Operations 


CONDITIONS 
ME 

H X Xx X 
cE L L iG 
E L L Ee 
L L L i 
L L L H 
L L H L 
is L; H H 
L L H H 
L L H H 
L H L L 
L H L H 
Xx H H X 

NOTES: 

1. If not empty 

2. If not full 

X Don’t Care 


been performed during the time FS was low. 
When coupled with external logic, this feature 
makes it possible to quickly push or pop data 
without using an extra cycle to select the 
stack peripheral. 


Addressing — The 8X355 has a dedicated 
port address; however, the IV bus pins can be 
scrambled to obtain different addresses on a 
given bank. For example, a port designed with 
the address 130, (01011000.) can be made to 
respond to the address 230, (100110005) sim- 
ply by swapping the connections of the two 
most significant IV bus pins on a LIFO chip. 
Besides changing the enabling address, this 
pin swap has no effect on any other chip oper- 
ation. 


Reset — A reset pin is provided which emp- 
ties and deselects the 8X355. When activated 
(low), the RESET signal sets the stack pointer 
to 0, asserts EOUT (low), negates FOUT 
(high), and negates select latch output. 


Write/Read Operations 


As shown in Table 1, the select latch, TV bus, 
and stack data are controlled by ME, WC, SC, 
MCLK, FS and the current state of the select 
latch. 


To perform a read, the 8X355 must be 
selected, and MCLK, SC, WC and ME must 
be low; in cascaded configurations, the 
8X355 must also conform to status signal 
requirements (see Cascading Capabilities 
below). With these conditions satisfied, data 
is output on the IV bus and the stack pointer 
is decremented on the rising edge of MCLK. 


A write is performed when MCLK and WC are 
high, ME and SC are low, and the 8X355 is 
selected. When these conditions (and any 
status signal conditions) are satisfied, the 
stack pointer is incremented on the rising 
edge of the MCLK, after which data is loaded 
onto the top of the stack. 


In single configurations, FIN and EIN are usu- 
ally forced low (grounded) to enable reads 
and writes. In cascaded configurations, the 
FIN signal of the lowest LIFO chip and the 
EIN signal of the highest LIFO chip are simi- 
larly grounded. 


Cascading Capabilities 


To facilitate cascading, the 8X355 provides 
pins to detect and send signals indicating full 
or empty status. As described in PACKAGE 
AND PIN DESIGNATIONS, active FOUT and 
EQOUT signals indicate, respectively, full and 
empty status. FIN is then defined by FOUT of 
the LIFO chip below, and EIN is defined as 
EOUT of the LIFO chip above. Thus data is 
stacked continuously from bottom to top 
unless provisions are made with external 
logic and Fast Select. 


Empty status signals are updated on the ris- 
ing edge of MCLK, while full status signals 
are updated on the falling edge. As described 
in Table 2, these signals control read and 
write operations of the 8X355 — note that 
LIFO chip #2 in the given configuration is 
used as the point of reference. 


RESULTS 


al 


Select Latch 


-— <x 


NM 


Le 
H 
X 
X 
X 
L 


xx<x< ITirerxkKxKItirx 
al 
PO 


x KX 
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IV Bus 


Ignore 
Output 
Ignore 
Output 
Not Defined 
Ignore — 
Input 
Ignore 
Input 
Ignore 
Input (Address) 
Not Defined 


Data Select Latch 


LIFO Stack Memory (32X8) a se - te . Wee ao BXS55 


Product Specification 


Table 2. Status Signal Operations in a Typical Cascaded Configuration 


CONDITIONS RESULTS COMMENTS 
cout FOOT | Push | Pop 


[Ueaste [| ves | No | Tepoteta stack at ono 
TH | Upsste [no [ves | Top of data stack at op of F2 
Gedate [Upsets [Yer 


Not Defined #2 not full and data in #3 
NOTES: 


Status signals and Push/Pop operations reference LIFO chip #2. 
X = Don’t Care LIFO CHIP: #3 


mi 
Oo 
Cc 
— 
I 
2) 
Cc 
— 


LIFO CHIP: #2 


LIFO CHIP: #1 


DC ELECTRICAL CHARACTERISTICS (Voc =5V +5%/0°C <T, <70°C) 
ABSOLUTE MAXIMUM RATINGS 


Power supply voltage 

Input voltage +5.5 
Off-state voltage +5.5 
Storage temperature range -—65.to 150 


High level input voltage 
Low level input voltage 
High level output voltage 


4 


Low level output voltage — Wopins: Voc = Min/Io, = 16mA 
EOUT & FOUT: Voc = Min/lo. = 8mA 


Input clamp voltage Voc = Min/ly = — 10mMA 
- High level input current All inputs except IV pins: Voc = Max/V iy = 4.5V 
Low level input current All inputs except IV pins: Voc = Max/Vy = 0.5V 


IV pins: Voc = Max ~ 30 


in| 
aoe 
ae 
4 
cs 
20 | 
ae 
ane 
ian 
ae 


loc Supply current 


NOTES: 
1, All voltages measured with respect to ground terminal. 
2 At any one time, no more than one output should be connected to ground. 
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LIFO Stack Memory (32X8) 8X355 


Product Specification 
AC ELECTRICAL CHARACTERISTICS (V.,=5V +5%/0°C <T, < 70°C) 


REFERENCES 123 
SYMBOL PARAMETER TEST CONDITIONS '”’ 
From To 


Master enable hold time |MCLK ME 
Select command hold time IMCLK 1SC 
Write command hold time |\MCLK IWC 


Enable/Disable Times: 


IV output enable time MCLK, EIN & FIN = Low 
— FS & RESET = High; WC, ME, 
IV output enable time ISC MCLK, EIN & EIN = Low 
~_ ; a FS & RESET = High; WC, SC, 
IV output enable time \ME MCLK, EIN & FIN = Low 


RESET = High, WC, SC, ME, 
MCLK, EIN & FIN = Low 


FS & RESET = High; SC, ME, 
MCLK, EIN & FIN = Low? 
FS & RESET = High; WC, ME, 
MCLK, EIN & FIN = Low? 
FS & RESET = High; WC, SC, 
MCLK, EIN & FIN = Low? 


RESET = High; WC, SC, ME, 
MCLK, EIN & FIN= Low” 


TEST LOADING CIRCUITS 


LOAD CIRCUIT A: LOAD CIRCUIT B: 


2.1V 
1002 
TO OUTPUT 


EOUT, FOUT 


300 pf 
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LIFO Stack Memory (32X8) 7 8X355 


Product Specification 
AC ELECTRICAL CHARACTERISTICS (Vo,.=5V +5%/0°C <T, <70°C) (continued) 


REFERENCES 
SYMBOL PARAMETER 


| From | To 
Propagation Delays: . 


t Empty output propagation delay; both 
EONS high-to-low and low-to-high transitions 

Full output propagation delay; both 
'PFOMC 


high-to-low and low-to-high transitions 
Stack Timing: 


Setup read 
condition 
(see truth 

table) 


SC, WC & MCLK = Low; or 
ME or FS = Low 


NOTES: 

1. Loading — see TEST LOADING circuits. 

2. All inputs are driven between 0.0 and 3.0 volts; input timing parameters are measured at 1.5 volts. 

3. Except for output disable times, all output timing parameters are measured at 1.5 volts. 

4. Resetting the part initializes EOUT and FOUT, respectively, to.low and high states and three-states the IV bus; all of these conditions occur within the 
minimum RESET pulse width. 

5. These parameters are measured with a capacitive loading of 50 picofarads and represent the output driver turn-off time. Disable times measured into a 
capacitive loading of 300 picofarads do not exceed 40 nanoseconds, except for FS which is 45 nanoseconds. 

6. This parameter represents the maximum time a Read (Pop) condition can be logically asserted, that is, as a decoding transient, without popping the stack. 

7. This parameter represents the minimum time a Read (Pop) condition must be logically asserted to pop the stack. 


OVERALL TIMING 


MCLK 


IV BUS 
DATA OR 
ADDRESS 


SC OR WC # | | \ 
t 
ME OR FS \ | | ’ 


fn —tsMEMC: 


EOuT | x | 


|<——tpeomc—>| | 


FOUT | ¥ 


| ———-—————— tpromc-—————> | 


LEGEND:F™”] = THREE STATE 
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LIFO Stack Memory (32X8) 8X355 


Product Specification 


ENABLE TIMING 


ME OR WC OR SC 
OR FS 
IV BUS DATA OR 
ADDRESS ; 
telvwe | 


teivsc 


tEIVME 
tEIVES 


LEGEND: | = THREE STATE 


DISABLE TIMING 


IV BUS DATA OR 
ADDRESS 


toivwe 
~«—_—_—_— tpivsc oS! 
tDIVME 
toives 


LeGeND:[-] = THREE STATE 


STACK TIMING DIAGRAM 


>= INopor —_—_——>| 


ROM EXTENDED 
MICRO-CODE Hl MICRO-CODE 


8X355 LIFO 
STACK MEMORY 


IV DATA 


; INSTRUCTION ADDRESS 


iV BUS AND 
CONTROL DATA 
8X305 MICROCONTROLLER 
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LIFO Stack Memory (32X8) a 8X355_ 


Product Specification 


IMPLEMENTATION OF CASCADED 8X335’s 


FOUT 


oe EXTENDED ~ = ; 
MICRO-CODE fe 
MICRO-CODE (OPTIONAL) | 
CONTROL 
iV BUS DATA 
FIN 


FOUT 
RESET 


INSTRUCTION ADDRESS 


THREE 
FS CASCADED 

MCLK, MC, SC, ~—- 8X355 LIFO 
MEMORIES 


iV BUS DATA 
FIN 


IV BUS PATH 


8X355 MICROCONTROLLER 
FOUT 


| RESET 
FS 


CONTROL 
NOTE: IN THIS CONFIGURATION, THE 
EXTENDED MICROCODE IS NORMALLY 7 
LATCHED ON THE FALLING EDGE OF MCLK =, IV BUS DATA 
TO ENSURE VALIDITY OF THE MICROCODE = 
THROUGHOUT THE WRITE CYCLE. 
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MEMORY ADDRESS DIRECTOR 


FEATURES 


e Address control for working storage 

e 16-bit addressing capability 

e Byte and word addressing support 

e Automatic increment and decrement 

e 11 Address and word-count registers 

e Reduces number of 8X305 instructions required 


PRODUCT DESCRIPTION 


The 8X360 Memory Address Director (MAD) is a high-perfor- 
mance member of the 8X300 Family that generates sequential 
memory addresses to facilitate the transfer of data to and from 
memory. The MAD provides a highly-efficient and cost-effective 


BLOCK DIAGRAM OF 8X360 


Iv BUS 
CONTROL 


4 [IV BUS INTERFACE 
AND REGISTER 
ADDRESS LOGIC 


PROGRAMMABLE 
DIVIDER 


COMMAND 
AND 
STATUS 
ABORT 


TRANSFER 
COMPLETE 


CONTROL 
SIGNALS 


8X360 


Originally published by Signetics January 1984 


solution for DMA and other applications requiring large working- 
storage memories and high-speed data transfers. Once initial- 
ized with such information as starting address, ending address, 
byte count, address increment, address decrement, etc., the 
8X360 performs all bookkeeping chores automatically and all 
address-management software is off-loaded from the processor. 
The 8X360 can be addressed by conventional means or by ex- 
tended microcode; system status is available to the user via I/O 
pins. 


ORDERING INFORMATION 
N8X360N, N8X360I, S8X360! 


THREE STATE 
CONTROL 


ADDRESS 16 
GENERATION ADDRESS 
Ap-A 
LoGic BUFFERS > oes 
‘ADDRESS 
REGISTERS 


64K x 8 
MEMORY 
MATRIX 


16-BiT 
MEMORY 
ADDRESS 


COUNT CONTROL 
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8-BIT LATCHED BIDIRECTIONAL I/O PORT 


FEATURES 
e Two bidirectional 8-bit busses 
e Independent bus operation 
(user-bus priority for data entry) 
e User data input synchronous with respect to MCLK 
e Three-state TTL outputs with high-drive capabilities 
® Power-up to predetermined logic state 
e Directly compatible with 8X305 (or 8X300) 


MicroControliers 
Single +5V supply 
0.4inch 24-pin DIP 


PRODUCT DESCRIPTION 


The 8X371 I/O Port is a bidirectional device designed for 
use as an interface element in systems that use TTL- 


8X371 PACKAGE and PIN DESIGNATIONS 


N, | PACKAGE 


8-BIT LATCHED BIDIRECTIONAL 
10 PORT 


TOP VIEW 


ORDER NUMBERS 


N8X371N, N8X371! 
$8X3711/883B, S8X37 11/883C 


FUNCTION 
Three-state, bidirectional User Data UD: 
bus: UDO and corresponds to IVO. 
User Output Control—active low input to 
enable data output to UDO-UD7. 
User Input Control—active low input to enable 
data input from UDO-UD7. 
Master Enable—active low input to enable the 
IV bus for data input, or data output; UD-bus 
operations are unaffected. 


PIN.NO. IDENTIFIER 
1-8 UD7-UDO 


Ground. 

Master Clock—active high input ‘from 
MicroController used to strobe data into data 
latches from the IV and UD buses. 

Read Control—active low input to enable data 
output to 1V0-1V7. 

Write Command—active high input ‘from 
MicroController: to enable the writing of data 
into the data latches from the IV bus ' provided 
UIC is not low:. 

Interface Vector ‘Input/Output Bus — 
three-state, bidirectional, MicroController data 
bus; IVO corresponds to UDO. 


+5V power supply. 


Originally published by Signetics January 1984 


compatible busses. Typically, the 8X371 is used with the 
8X305 MicroController and its associated Interface Vector 
(IV) bus; however, it can also be used with the 8X300 
MicroController or an equivalent microprocessor. The 
8X371 is functionally the same and pin-for-pin compatible 
with the older 8131/8X31 but features improved per- 
formance and increased drive current. As shown in the logic 
diagram of Figure 1, the 8X371 consists of eight identical 
data latches—bits 0 through 7. The latches are accessed 
from either of two 8-bit busses—the MicroController (IV 
bus) and the user data (UD bus). Separate controls are 
provided for each bus and both busses operate inde- 
pendently, except when both attempt to input data at the 
same time; in such situations, the user bus always has 
priority. A Master Enable (ME) input is available for 
additional control over the IV bus. The data latches are 
transparent, in that, while either bus is enabled for input, all 
input-data transitions are propagated to the other bus, if 
enabled for output. 


iV WRITE 


IV READ 


Figure 1. Logic Diagram for 8X371 1/O Port 
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FUNCTIONAL OPERATION 


UD Bus Control 

As shown in Table 1, the User Data (UD) bus interface is 
controlled by the UIC and UOC inputs. Data input to the UD 
bus is synchronous with MCLK, that is, with UIC low, 
information is written into the data latches only when MCLK 
is high. Output drivers on the UD bus are enabled when 
UOC is low and UIC is high. 


Table 1. INPUT/OUTPUT CONTROL OF UD BUS 


Input data 


Inactive 


Inactive 


xX = don't care 


IV Bus Control 

Input/output control of the [V bus is shown in Table 2; this 
bus is controlled by RC, WC, ME, and MCLK. The IV bus is 
enabled for output (MicroController read operation! when 
ME, RC, and WC are all low. Data is written into the data 
latches from the IV bus when ME is low and both WC and 
MCLK are high. To avoid data-input conflicts, inputs from 
the IV bus are inhibited when UIC is low; under all other 
conditions, the TV and UD busses operate independently. 
The MicroController Left Bank (LB) and Right Bank (RB) 


Table 2. INPUT/OUTPUT CONTROL OF IV BUS 


 & 
hoe 


Inactive 
Inactive 


outputs can control the ME inputs for two banks of I/O 
devices, thus acting asa ninth address bit. If more than one 
I/O Port (including the addressable parts—8X372, 8X376, 
8X382, etc.) are to be connected to the same bank (LB or 
RB) of the MicroController, selection of each 8X371 must be 
accomplished with external control logic to avoid bus 
conflicts. 


Bus Logic Levels . 

Data written into the I/O port from either bus will appear 
inverted when read from the other bus. Data written into 
either bus will not be inverted when read from the same bus. 
(Note. A logic “1” in MicroController software corresponds 
to a high level on the UD bus even though the iV bus is 
inverted.) The 8X382 wakes up in the unselected state with 
all data bits latched at the “logic 1” level (UD bus outputs 
high if enabled). 


DC ELECTRICAL CHARACTERISTICS 


~COMMERCIAL: 4.75V <= Vcc = 5.25V, 0°C <= Ta Ss 70°C 
MILITARY: 4.5V < Vcc < 5.5V, -55°C < To <= 125°C 


PARAMETER 


Voc Supply Voitage 
Vio High Level Input Voltage 
VIL Low Level Input Voltage 


VoL Input Clamp Voltage 
NH High Level Input Current! 
are Low Level Input Current! 


VOL Low Level Output Voltage 
IV Bus (IV0-IV7) 
User Bus (UD4-UD7) | 


los Short Circuit Output Currents 
IV Bus (IVO-IV7) _ 
UD Bus (UD4-UD7) 


loc Supply: Current | a Bae 


. Notes: oe 
1. The input current includes the Three-state leakage current of the output driver on the data lines. 


2. Only one output may be shorted at a time. 
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ABSOLUTE MAXIMUM RATINGS 
PARAMETER 


RATING 


UNIT 


Vcc Power supply voltage +7 Vdc 
VIN Input voltage +5.5 Vde 
TstG 


Storage temperature range -65 to +150 


TEST CONDITIONS 


Vcc= Max; ViIH=2.7V 
Voc = Max; Vit<0.5V 


8-bit latched bidirectional 1/O port 


Oo 
x< 
GW 
N 
make 


AC ELECTRICAL CHARACTERISTICS (Cont’d) 
COMMERCIAL: 4.75 <Voc <5.25V, 0°C <T, <70°C 
MILITARY: 4.5V<Voc <5.5V, - 55°C <Tg < 125°C LOADING: See TEST LOADING CIRCUITS 


REFERENCE LIMIT a) LI i 
PARAMETER BENEES TEST CONDITIONS ae ES Commerce) | EIS Mn ain 
| Typ | Max | 
Pulse Widths: 
tw1 Clock High *MCLK 


two User Input Control WUIC 


Propagation Delays: 


TO 
tUIC 


MCLK = High 


ns 


tpp; . UD Propagation 
Delay 


MCLK = High 


RC = WC = ME = UCI = Low ns 


Cc 
oO 


toga IV Data a 
Master Enable 


WC =RC = Low 


IV 
tppe2 UD Clock Delay a UD=Stable) | 
awIOLIS iy. RC = WC = ME = UIC = Low 50 ns 
tpps3 UD Input Delay = co UD = Stable; MCLK = High 
tepa IV Data = MCLK = WC = UIC = High; 
Propagation Delay Ve} UD ME = UOC = RC = Low a3 ns 
tone IV Data WC = UIC = High; IV = Stable 
Clock Delay IMCLK UD ME = UOC = RC = Low 98 ns 
Output Enable Timing: — 
toes UD Output Enable WWOC UD UIC = High 30 
toge UD Input Recovey tUIC UOC = Low ns 
. 


logs IV Data 
Read Enable 


4 


WC = ME =Low 


IV 


O m 
ele 


toes iV Data 
Write Recovery 


R 
IWC 
Output Disable Timing: 
top: UD Output 


Disable UIC = High 
=e 
a 

tWC 


tops IV Data 
Write Override 


oe ee) 
ayo 


on 


ee) w 
a 
+ 
< 
ao) 


pe nN W No NO Nh po |@di]_@ 163) - 163) on io) 
jo) oO Oo (oa) on a mn |}O}oO On on io) oO oO 
=] 
n 


ns 


fmt 


Setup Time: 
t UD Clock Setup 
Time 


ns 


ns 


ts52 IV Master Enable 


Setup Time : 


UD 
UIC 
IV 
ME 


ns 


ns 


NO 
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8X371 


AC ELECTRICAL CHARACTERISTICS (Cont’d) 


PARAMETER 
[Min | Typ | Max | Min | Typ | Max | 


Hold Times: 
tHy UD Clock ne : 

Hold Time LK UIC = Low 15 5 
UD Control 

User Input Control 

tis iV Data ; Fic - 

Hold Time MCLK WC = UIC = High; ME = Low 

iV Master Enable 
IV Write Control es 


Notes: 
2. If ME is to be high (inactive), it must be setup before the rising edge and held after the falling edge of MCLK to avoid unintended writing into or selection of the I/O port. 


TEST CONDITIONS 


1. These parameters are measured with a capacitive loading of 50 pf and represent the output driver turn-off time. 


8-bit latched bidirectional I/O port 8X374 


I | 
MCLK | esecectettstcten 
OOO DODO = - 
| |~—_—_—_—t,, —_—_+| rececocececeuecen THREE-STATE 


= CHANGING DATA 


S| 
\ 


ae tye 
(Note 3) 


| 


: | 
UD (tNeuT 
FROM USER Mi, 
SYSTEM) 
Stahe Canditans ts voc i Sr aa 
SC WC MF 


| 
| 
| ts. 
| | 
| | 


| ] | 
| | 
| | | Low ! 
| | | JOC High | | 
| | | Notes t 
| | | 1 The actual time for stable | | 
| | | data on the 1V brs is the 
| | I latest propagation from | ' 
I { | tea. tees and the | ‘ 
| | | 2 The UD input must satisty pore 
| the setup time rediuire- UIC | { 
| ments forbotht . and t | | | | 
| | t 3 Minimum hold time re. { | 
| | [ae Oe quired forthe UE input +s | | 
| | t tole ti the earher of the times | | l | 
| | 'pp3 (Note 1)——| specified by ter and te { \ \ | 
1 
tpp2 (Note 1) >} fetoer{ | | 
UD 
IV (oureut (ouTeuT 
to Microprocessor) SYSTEM) 
a. User Data Input Timing b. User Data Output Timing 
|\<—— tw: ——>| 
| | 
MCLK Micro- 
processor 
Control 
Signal‘ 
* 
we | toe" — top ze 
IV ! 
(OUTPUT to 
Micro- 
ME processor) 
_ l 
panne tho 
Static Conditions: | | “PARAMETER KEY 
oe iar | MICROPROCESSOR 
| CONTROL SIGNAL = AC: TIMING PARAMETERS. STATIC CONDITIONS 
ree, Paar —>| ME toes tons SC = WC = LOW 
UD Sey User RC ba tes SC = ME= LOW 
sc tice tone RC = ME LOW 
c. MicroController Write Cycle Timing da. MicroControiler Select Cycle Timing 


Figure 2. Timing Diagram 
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8X374 


TEST LOADING CIRCUITS 
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8-bit latched bidirectional 1/O port 


APPLICATIONS 


In some applications, performance of a MicroController 
system can be enhanced by using the 8X371 I/O Port 
instead of an addressable 8X372 port. Using a technique 
referred to as Extended Microcode or Fast IV Select, the 
address select cycles which normally precede a read or 
write operation when using an 8X372 can be eliminated by 
use of the 8X371. 


This technique is often used in bit slice microprocessor 
designs and involves widening the program memory beyond 
the normal 16-bit requirement of the MicroController. The 
extra bits are used as enable signals for the 8X371 ports. 
Thus, the 8X371 is enabled during the instruction cycle in 


8X374 


which it is required for input/output operations. Since the 
software overhead of separate address select cycles is 
eliminated, the overall system performance is improved. 


As shown in the accompanying diagram, the program 
memory is extended by two bit positions (Die and D17), 
permitting any one of four 8X371 ports to be enabled during 
those instructions that perform input/output operations. 
Because of timing considerations, latches must be used to 
hold the Extended Microcode through the end of the 
instruction cycle. A decoder is used to obtain four enable 
signals from the two extra bits. The decoder outputs are 
ORed with the LB output of the 8X305; thus, all four I/O 
ports are placed on the Left Bank of the IV bus. 


I/O PORT SELECTION USING EXTENDED MICROCODE 


—— 


1V0-iV7 


8X305 
MICROCONTROLLER 


MCLK 


wc 


1-OF-4 
DECODER 
(748139) 


| PROGRAM MEMORY 
(ROM/PROM) 


D FLIP-FLOP 
(74874) 


L| | O| | 


8X371 
1/0 PORT 
#0 


8X371 
1/0 PORT 
#1 


8X371 
1/0 PORT 
#2 


8X371 
1/0 PORT 
#3 
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ADDRESSABLE/BIDIRECTIONAL I/O PORTS 


FEATURES 


Two bidirectional 8-bit busses 
Independent bus operation 
(user-bus priority for data entry) 
User data input synchronous (8X372) or asynchronous 
(8X376) with respect to MCLK 
Programmed MicroController port address 
Three-state TTL outputs with high-drive capabilities 
Power-up to predetermined logic state 
Directly compatible with 8X305 or 
8X300 MicroControllers 
Single +5V supply 
0.4inch 24-pin DIP 


PRODUCT IDENTITY 


8X372—Synchronous, three-state, bidirectional I/O port 
with programmed address. 

8X376—Asynchronous, three-state, bidirectional I/O port 
with programmed address. 


PRODUCT DESCRIPTION 


Each of these I/O ports is an addressable device designed 
for use as a bidirectional interface element in systems that 
use TTL-compatible busses. Typically, these I/O ports are 
used with the 8X305 MicroController and its associated 
Interface Vector (IV) bus; however, either port can also be 
used with the 8X300 MicroController or an equivalent 


N, | PACKAGE 


PIN. NO. 
1-8 


wo 
~~ 
o 
x< 
co 
x 
Oo 
N 
w 
i) 
~< 
ee) 


8-BIT LATCHED, ADDRESSABLE, 
BIDIRECTIONAL, 1/0 PORT 


TOP VIEW 


ORDER NUMBERS 


N8X372N or N8X376N 
N8X372I or N8X376l 
$8X3721/883B or S8X3721/883C 
$8X3761/883B or S8X3761/883C 


IDENTIFIER 
UD7-UDO 


——ne 


O 


U 


| 


Cc 


8X372/8X376 


microprocessor. The 8X372 and 8X376 are funtionally the 
same and pin-for-pin compatible with their respective 
counterparts, the 81T32/8X32 and 81T36/8X36; however, the 
new parts feature better performance, increased drive 
current, and improved programming procedures. 


As shown in the logic diagram of Figure 1, each I/O port 
consists of eight identical data latches—bits 0 through 7. 
These latches are accessed through either of two 8-bit 
busses—one connecting to the MicroController (IV bus) 
and the other to the user system :UD bus). Separate 
controls are provided foreach bus and both busses operate 
independently, except when both attempt to input data at 
the same time. In such situations, the user bus always has 
priority. The data latches are transparent, in that, while 
either bus is enabled for input, all transitions in input data 
are propagated to the other bus, if enabled for output. 


Both the 8X372 and 8X376 are available with preprogrammed 
addresses (010 through 25510); either device can be field- 
programmed over the same address range. input/output 
operations can begin once the I/O port is selected and 
appropriate control signals are generated. Port selection is 
implemented by putting the I/O port address (0190-25510) on 
the IV bus; once selected, the I/O port remains selected 
until a different “port address” is put on the bus. Thus, 
software overhead is minimized. Data is accessible on the 
UD bus at all times. A Master Enable :ME} input, which is 
typically connected to the Left Bank ‘LB: or Right Bank 
(RB) output of the MicroController, provides the capability 
of organizing the IV bus into two separate and independent 
banks of I/O devices. 


FUNCTION 


Three-state bidirectional User Data UD bus. UDO 
corresponds to IVO 


User Output Control- active low input to enable data output 
to UDO-UD7 


User Input Control active low tnput to enable data input 
from UDO-UD7 

Master Enable active low input to enaple the iV bus for 
data input data output. ot IV aadress selection deselection 
UD-bus operations are unaffected 


Ground 


Master Clock--active high input from MicroControlier 
used to strobe data into data latches from the IV bus and 
for the synchronous 8X372 from the UD bus MCLK also 
synchronizes !V address selection 

Select Command -~ active high input_from MicroControllet 
to enaple IV address input from the 1V bus for device 
selection 


Write Conmmmand-— active high input from MicroController 
to enable the writing of data into the data latches from the 
IV bus provided UIC ts not low 

Interface Vector Input Output Bus — three-state 
bidiectional MicroControllet data bus !VO corresponds to 
UDO 


5V power supply 
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8X372/8X376 


cc bite si ase: soe outa Sno nares oot stmdinmsi pine arnt trent toss wistomiairmtnimiitenaaitaeO 


1Vx UDx 
PROGRAMMED | 
ADDRESS BIT | 
al 
USER READ 
FOR REMAINING SEVEN 
BITS, SAME LOGIC AS 
SHOWN ABOVE 
UOC 
Vcc ASYNC 
ADDRESS 
SELECTION @ e 
: Ls UE 
De La a ee vic 
wes 1 epee 
Sea 
ME — : a> LOW 
= —— VOLTAGE 
MCLK 7 eke ter a dl CLAMP 


Figure 1. Logic Diagram for 8X372/8X376 I/O Ports 
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Addressable/bidirectional 1/O ports 


FUNCTIONAL OPERATION 


UD Bus Control 

As shown in Table 1, the User Data ‘UD: bus interface is 
controlled by the UIC and UOC inputs. For the 8X372, data 
input from the UD bus is written synchronously with MCLK, 
that is, with UIC low, information is written into the data 
latches only when MCLK is high. In the case of the 8X376, 
data input is asynchronous, in that, with UIC low, data is 
latched in without regard to the level of MCLK. Note. To 
avoid the possibility of processor error when using the 
asynchronous 8X376, the |V bus should not be read during 
the time the data latches are changing due to user input. 

Output drivers on the UD bus are enabled when UOC is low 
and UIC is high. 


Table 1. 


INPUT/OUTPUT CONTROL OF UD BUS 
FUNCTION OF UD BUS 


UOC |MCLK 
8X372 8X376 


Output data 


X = don't ca 


IV Bus Control 

Input/output control of the IV bus is shown in Table 2; this 
bus is controlled by SC, WC, ME, MCLK and the current 
state of the internal address selection latch. AS shown in 
Table 2, UIC is required to indicate priority of the UD bus for 
data input operations. The selection latch in the !/O port 
stores the result of the most recent IV address selection. 
The latchis set when the internally preprogrammed address 
of the port matches the address on the IV bus during an 
address-selection operation (SC = MCLK = High/WC = 
Low). The latch is cleared when the two 8-bit address 
patterns are in disagreement. The IV bus can transfer data 
only when the selection latch is set. As shown in the 
APPLICATION DIAGRAM, the MicroController Left Bank 
(LB) and Right Bank (RB) outputs can control the ME inputs 
for two banks of I/O devices, thus, acting asa ninth address 
bit. 

Table 2. INPUT/OUTPUT CONTROL OF IV BUS 


—— SELECTION FUNCTION OF 
L L L X 


@ 


tad 


X = don't care 
* Selection latch is updated 


Data is written into the data latches of a selected device 
from the IV bus when WC, MCLK, and UIC are all high and 


8X372/8X376 


ME is iow. To prevent data-input conflicts. inputs from the 
TV bus are inhibited when UIC is low: under all other 
conditions, the IV and UD busses operate independently. 
Output drivers on the IV bus of a selected device are 
enabled when ME, WC, and SC are all low and the address 
selection latch is set. With SC and WC both high shaded 
entry of Table 2, the bit pattern present on IVO-IV7 is 
interpreted as both input data and IVaddress. Provided UIC 
is high, the data is latched into the data latches whether or 
not the 1/O port has been previously selected. if the 
preprogrammed address of the !/O port matches the bit 
pattern on IVO-IV7 when SC and WC are both high, the 
selection latch is set; otherwise, it is reset. Note. The 
MicroController never drives both SC and WC high at the 
same time. 


Bus Logic Levels 

Data written into the !/O port from either bus will appear 
inverted when read from the other bus. Data written into 
either bus will not be inverted when read from the same bus. 
(Note. A logic °1" in MicroController software corresponds 
to a high level on the UD bus even though the iV bus is 
inverted. Both the 8X372 and 8X376 wakeup with the 
address selection latch in the unselected state and all data 
bits latched at the “logic 1” level UD bus outputs high if 
enabled . 


ADDRESS PROGRAMMING AND ADDRESS PROTECT 


Programming Procedures 

Both 8X372 and 8X376 can be programmed to respond to 
any address within a range of O10 through 25510. In an 
unprogrammed state, low level :<0.8V: inputs on all lV bus 
lines (address 25510: will select the device. To program a 
given address bit to match a high level (22.0V) input on the 
corresponding IV pin (a logical “0” to the MicroController), 
the counterpart UD-bus pin must be pulsed according to 
Table 3 and the following procedures: 


Step 1: Set all control inputs to the inactive state— 
UIC = VOC = ME= Vcc and SC =WC= 
MCLK = GND; leave the UD and IV bus pins 


open. 
Step 2: 
Step 3: 


Increase Vcc tO Vccp. 


After Vcc has stabilized, apply a single pro- 
gramming pulse i Figure 2: to the user-bus bit 
that corresponds to the desired high-level IV 
address bit. The I/O port is programmed 
from the user bus (UD0-UD7 : for addressing 
from the MicroController bus :1VO-IV7.. 


Step 4: Return Vcc to O-volts. Note. /f the pro- 
gramming of all address bits is completed in 
less than 1-second.Vcccan remain at 9.0-volts 


for the required interval of time. 


Step 5: Step 1 through 3 are applicable to the pro- 
gramming of each address bit that requiresa 


high-level iV match. 


August 1 985 


8 


| 
8X372/8X376 : 
! 


PER SE ACT NLT HN OE REGED NESE) RATER Et ae, 


Table 3. PROGRAMMING SPECIFICATIONS there are no programming errors, subsequent 
: data written from IVO-IV7 (WC = High will 


PARAMETERS appear inverted on UDO-UD7. 


Vccp — Programming supply Address Protect 
voltage: 


Radcoss After programming the !/O Port, steps should be taken to 
: isolate the address circuits and make these circuits perma- 
ently immune to further change. 


Protect 
Maximum time Vccp >5.25 
Programming voltage: Step 1: Set Vcc and all control inputs to 0-volts (Vcc 

MEOUSSS : : = UIC = UOC = ME =SC = WC =MCLK=0V); 


Protect Vv 1VO-IV7 = open circuit. 


P j ; : . i 
ee me et a Step 2: Taking one pin at a time, apply a protect 


Protect programming pulse (Figure 3) to each user- 
tr — Programming pulseirise bus bit (UDO-UD7)—refer to Table 3 for 
time: min/max specifications pertaining to voltage 


Address and Current. 
Protect 


3 Geena 
0.5 ms <t, < 1.0 ms 


ADDRESS 
PRO- 


GRAMMING 
PULSE Figure 3. Protect Programming Pulse 
(UD INPUT) 


t Step 3: Verify that the address circuits for each bit 
is isolated by applying 9-volts, in turn, to 
each user-bus pin (UDO-UD7) and measur- 


Figure 2. Address Programming Pulse 


Step 6: To verify that the address is properly pro- ing less than 200 microamperes of input 
grammed, return Vcc to +5V, set IVO-IV7 to ; current. (Note. Setup conditions are the 
the desired (inverted) binary address pattern, same as those in Step 7.) 


set ME = WC=Lowand SC= MCLK = High. If 


DC ELECTRICAL CHARACTERISTICS ABSOLUTE MAXIMUM RATINGS 
Voc Power supply voltages +7 
COMMERCIAL: 4.75V <= Vcc <= §.25V, 0°C < Ta < 70°C VIN Input voltages +55 


MILITARY: 4.5V < Vcc < 5.5V, -55°C <= Tc < 125°C TsTG Storage temperature range -65 to +150 


HH High Level Input Current! Voc= Max; Vin= 2.7V 


He Low Leve! Input Current! Voc= Max; ViL=0.5V 


VOL Low Level Output Voltage Vec= Minion = tema 


IV Bus (IVO-IV7) 
User Bus (UDO-UD7) Vcc=Min,; lot=24mA 
Vcc=Min; loH=-3.2mA 


VOH High Level Output Voltage 


i) ine) 

ow (=) 
dio] 
oOlO]a 


los Short Circuit Output Currente 


dla 

21° 

fo) 

on 

on 

OS |e 

on la 

ao }o 

< {8 

< [a 

ro) 
3/3 1/3 ee 
{ele |-|- S1E1<|<|< 


iV Bus (IVO0-IV7) Voes Max 720 
UD Bus (UDO-UD7) Vec = Max -10 10 is 
lcc Supply Current Voc=Max: ME=UOG=Vec | = foo | so] | 150 
NOTES: 
1. The input current includes the Three-state leakage current of the output driver on the data lines. 2. Only one output may be shorted at a time. 


3. These limits do not apply during address programming. 
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Addressable/bidirectional |/O ports 8X372/8X376 


AC ELECTRICAL CHARACTERISTICS 
COMMERCIAL: 4.75V = Voc = 5.25V.0°C = Ta 70°C 


MILITARY: 4.5V = eee <= §.5V, -55°C=Tc= 125°C 
LOADING: See TEST LOADING CIRCUITS 


REFERENCES: 


PARAMETER TEST CONDITIONS LIMITS (CommEnciAL)| LIMITS qwurTany) UNIT 
| TO | Min | Typ ~ Max Typ | Max | 


FROM | Min | 
ar < ; 


Pulse Widths: 
tw Clock High f{MCLK 
two User Input Control MCLK «= High 35 
Propagation Delays: 
tPD1 UD Propagation MCLK = High _ 
Delay SC = WC = ME = UIC = Low 


tPD2 UD Clock Delay UD=Stable, | 
(8X732 only) SC = WC = ME = UIC = Low 
tPp3 UD Input Delay UIC iv UD = Stable; MCLK = High; 


SC = WC = ME =Low 
tppa._—s«d'W.-: Data = MCLK =WC = UIC = High: 
Propagation Delay ME = UOC = SC =Low 
teps ‘IV Data fein WC = UIC = High; IV = Stable, 
Clock Delay ME =UOC = SC = Low 
Output Enable Timing: 
toet UD Output Enable jUOC UIC = High 


tOoE£2 UD Input Recovery {UIC UOC =Low 


toE3 IV Data 


Master Enable yME WC =SC =Low 
toes ‘IV Data a 

Write Recovery yWC SC = ME = Low 
tOoE6 IV Data sc 7 Si tay 


Select Recovery 


Output Disabie Timing: 
too1 UD Output 


Disable UIC = High 
top2 UD Input U0G = baw 
Override 
ae 
tOD3 IV Data WESC eeu 


Master Disable 


topaé \V Data 


; j S = ME = ; \ 
Write Override | C = ME = Low 


iV Data 
Select Override 


Setup Times: 
tsi UD Clock Setup 
Time (8X372 only) 


topsé 


4SC IV | WO =ME™= Low 


UD }MCLK | UIC = Low 


UD Control Setup 
Time 


User Input Control 
Setup Time (8X372 only) 


UD {UIC | MCLK= High 


ts4 1V Data a WC = =High or SC =High; 
Setup Time Nv gOS ME = Low; UIC = ‘High 
ts53 iV Master Enable e WC = High or SC = High: 
Setup Time rE we UIC = High | 20 


tee - Write Control ‘we {MCLK SC = ME =Low: UIC = High 30 
Setup Time 
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AC ELECTRICAL CHARACTERISTICS (Cont'd) 


| REFERENCES 
T : 
copeasiiet FROM [TO | Ne [Min [Typ [ Max | Min [Typ [ Max| UNIT 
: ts? IV Select Control Isc JMCLK WC =ME=Low 30 
Setup Time 
Hold Times: 
tH1 UD. Clock Hold 
| Time (8X372 only) CLK | UD | 
UD Control — sgh 
einen fUIC MCLK =High 
| User Input Control ai 
IV Data | | WC =High or SC=High; 
tu53 «IV Master Enable = |WC=High or SC=High; 
Hold Time gCLK UIC =High 
thé IV Write Control ies = | 
Ti wour | ame |so-ie-Lowcre—wion | o | | fo | || me 
tei? iV Select Control _— 
"rota Tine ipa go ocala pe} Ped ft 


Notes: 

1. All measurements to the IV bus assumes the address selection latch is set. 

2. These parameters are measured with a capacitive loading of 50pf and represent the output driver turn-off time. 

3. {fi ME 1s to be high ‘inactive), it must be setup before the rising edge and held after the falling edge of MCLK to avoid unintended writing into or selection 
of the 1/0 port. 


<| 
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Addressable/bidirectional 1/O ports 


| 

| 

ass wi, eres | ta 

[aa (Note 2) 1... (Note 3) 
|~+“—— St gm | gp 8) > 

| (Note 2) (Note 3) 


| | 
UD (input 
FROM USER 
SYSTEM) 


| 

| ' ; 
| Stance Condiiions = 

| sc WC ME Low 

| U6 High 

Notes 

} The actual time for stable 
| data on the TV bus is the 
| latest propagation from 
| trot treo: and tep- 

| 2 The UD input mustsansty 
i the setup-time reqiuicgre- 
ments far both tar andts: 
Minimum hold-time re- 
quired for the UD iaputis 
the earlier of the times 
specified by tha: and tr: 


| 
be bro 3 


(Note 1) ' 
<-tp3 (Note 1) ———>| 


1 
top: (Note 1) ———>| 
| 


UU; —— 


a. User Data Input Timing 


<a 


IV (ouTPUT 
to Microprocessor) 


j+——tw;——>| 


MCLK 
WC 
ME 
jt, |+ tha >| 
< | 
pees ten, cei aad | 
Static Conditions: | | 
UOC Low | | 
VIC High | | 
; | 
|<——!pps—- ——| 
UD (OUTPUT to User LE 
7 iG Z 
SYSTEM) LLL, Yi Aff fy 


c. MicroControiler Write Cycle Timing 


a nn a ee NR St arr a nr Ae rrthtrhAr 


8X372/8X376 


SRR THREE-STATE 


YM): CHANGING DATA 


Cc 
oO 


b. User Data Output Enable 


|< tw | 


| SI | 
MCLK / ‘ 


aa Se 
| H? | 


: ty Te | 


sc 


Micro- 
processor) 


d. MicroController Seclect Cycle Timing 


Micro- 
precessor 
Controt 
Signal’ 


(OUTPUT to 
Micro- 
processor) 


*PARAMETER KEY 


MICROPROCESSOR 
CONTROL SIGNAL 


AC TIMING PARAMETERS 


STATIC CONDITIONS 


ME seg 1ads sc WC LOW 
wc logs tops SC ME LOW 
SC Werae eae wc ME LOW 


e. MicroController Output Enable Timing 


et NR tee AAT et AN NY Np uA NOMA Sd i A fe enh Lh nae 


Figure 2. Timing Diagram 
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8X372/8X376 


TEST LOADING CIRCUITS 


iV BUS 
+5V 
232 1) 
OUTPUT 
UNDER 
TEST 
1690 2 300 pf 
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UD BUS 
+5V 
160 0) 
OUTPUT 
UNDER 
TEST 
120 0 100 pf 


Addressable/bidirectional I/O ports 8X372/8X376 


APPLICATIONS 


One way of using I/O Ports in a microprocessor-based bidirectional data transfers, exercise system control, and/or 
system is shown in the following application diagram; there read system status. In the concept shown here, I/O Port #1 
are many other ways of implementing I/O functions with issetup for bidirectional data transfers and I/O Ports #2 and 
these parts, both singly and in combination. By proper #3, respectively, serve as dedicated output and input devices. 
control of the UIC and UOC lines, the user can implement 


iV0-iV7 UD0-UD7 


8X372 
/O PORT TAR 
4 UO 
ivo-iv7 WC (Note 2) 
MCLK 
es (Note 1) 
LB 
sc 
8X305 wc 
MICROCONTROLLER 


1V0-1V7 : USER 
pee SYSTEM 
sc 8X372 


wc 
MCLK (Note 2) 


UDO-UD7 


Notes: 8X372 
1. Up to 256 discrete addresses can be VOPORT Uic 


assigned to each bank LB or RB. #3 
2. The 8X376 can be implemented in an Mere (Note 2) 
identical manner. , ME voc 
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ADDRESSABLE/BIDIRECTIONAL I/O PORT WITH PARITY 


FEATURES 


e Two bidirectional 8-bit busses 
e Independent bus operation (user bus priority for data 
entry) 
e Parity generate/check logic with: 
Odd/Even parity select 
Strobed error flag output 


e Synchronous data input 

e Programmable MicroController port address 

e Three-state TTL outputs (for all except parity error flag) 

e High drive capabilities 

e Power-up to predetermined state 

e Directly compatible with 8X305 MicroController 

e Single +5V supply 

e 0.6 inch, 28-pin DIP 

PRODUCT DESCRIPTION 

The Signetics 8X374 is an addressable 8-bit I/O Port that 
features on-chip parity generate/check logic. The 8X374 
port is designed for applications that require an 8-bit bi- 
directional interface element with parity-generate and parity- 
check capabilities. Typically, the 8X374 is used with the 


8X305 MicroController and its associated Interface Vector 
(IV) bus. 


8X374 PACKAGE AND PIN DESIGNATIONS 
N,F PACKAGE 


1 
2 
3 
4 
5 
6 
7 
8 
9 


8-BIT LATCHED, ADDRESSABLE, 
BIDIRECTIONAL, PARITY I/O PORT 


TOP VIEW 


ORDER NUMBERS 


N8X374N, N8X374F 
$8X374F/883B, S8X374F/883C 


Identifier Function 


Three-state bidirectional User Data 
(UD) bus; UDO corresponds to /VO. 
User port Parity Bit 1/O pin. 

Parity SeLect input control; even parity 
‘= 1 and odd parity = 0. 

User Output Control — active low input 
to enable data output from UDO-UD7. 


Originally published by Signetics January 1984 


As shown in the logic diagram of Figure 1, the 8X374 con- 
sists of eight identical latches, bits O through 7. These 
latches are accessed through either of two 8-bit busses, one 
connecting to the MicroController (IV bus) and the other to 
the user system (UD bus). Separate controls are provided 
for eaGh bus and both busses operate independently, 
except when both attempt to input data at the same time. In 
such situations, the user bus always has priority. The data 
latches are transparent, in that, while either bus is enabled 
for input, all transitions in input data are propagated to the 
other bus, if enabled for output. The data latch in Figure 1 is 
common to both busses, that is, data traveling from the IV 
bus to the UD bus, or vice-versa, is latched and applied to 
the parity generate/check logic. The parity-bit latch is inter- 
faced to the UD bus and latches the parity bit. The user.can 
implement the parity features of the chip by simply select- 
ing odd or even parity via the Parity SeLect (PSL) input pin. 
When data is output to the UD bus, a parity bit is generated 
and appended to each byte of data; for incoming data, par- 
ity is checked and the result is transmitted to an error-flag 
latch. The status of the latch (0 = no parity error/1 = parity 
error) is reflected by the Error Flag (EF) output pin. Opera- 
tion of the error-flag latch is controlled by the Error Flag 
Hold (EFH) signal. With EFH low, the operation is trans- 
parent; when high the contents of the latch are frozen to 
avoid false errors while data latches are changing. 


User Input Control — active low input, 
to enable data input from UDO-UD7. 
Master Enable — active low input fo 
enable the |V bus for data input, data 
output, or IV address selection/deselec- 
tion; UD-bus operations are unaffected. — 
Ground 4 3 
Master Clock — active high input fro 
MicroController used to strobe data 
into the data latches; MCLK also syn- 
chronizes IV address selection. 

Select Command — active high input 
from MicroController to enable IV ad~ | 
dress input from the IV bus for device - 
selection. “lg 
Write Command — active high input 
from MicroController to enable the writ-. 
ing of data into the data latches from 
the IV bus, provided UIC is not low. 
Error Flag Hold signal to control error- 
flag latch. When low, latch operation.is . 
transparent; when high, contents of | 
latch are frozen. 

Error Flag output; no parity error = 
parity error = 1. 

Interface Vector (Input/Output Bus), three- _ 
state, bidirectional, MicroController data 
bus; IVO corresponds to UDO. 

+5V power supply. 
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Figure 1. Logic Diagram for 8X374 I/O Port 
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Addressable/bidirectional I/O port with parity 


The 8X374 is available with either preprogrammed addresses 
(010 to 25510) or unprogrammed; the device can be field- 
programmed over the same address range as the prepro- 
grammed port. Input/Output operations to the Micro- 
Controller bus can begin once the 8X374 enabling address 
has been selected and appropriate control signals from the 
IV bus are generated. Port selection is implemented by put- 
ting the 8X374 address (010 to 25510) on the IV bus. Once 
selected, the I/O port remains selected until a different port 
address Is put on the bus. 


With appropriate control inputs, data is accessible on the 
UD bus at all times. A Master Enable (ME) input, which is 
typically connected to the Left Bank (LB) or Right Bank (RB) 
output of the MicroController, provides the capability of 
organizing the IV bus into two separate and independent 
banks of I/O devices. 


FUNCTIONAL OPERATION 

UD Bus Control 

As shown in Table 1, the User Data (UD) bus and parity-bit 
interface are controlled by the UIC and UOC inputs. Data 
from the UD bus is written synchronously with MCLK, that 
is with UIC low, information is written into the data latches 
only when MCLK is high. Output drivers on the UD bus are 
enabled when UOC is low and UIC is high. 


Table 1. INPUT/OUTPUT CONTROL OF UD BUS 


Function crcomal UD Bus 
UIC | UOC CLK | 8-Bit Data Bus | Bit Data Bus | Parity Bit 
H 


Output data Output parity 


Input data Input parity 


Inactive Inactive 


Inactive Inactive 


X = Don't Care. 


iV Bus Control 


Input/Output control of the 1V bus is shown in Table 2; this 
-bus is controlled by SC, WC, ME, MCLK and the current 
state of the internal address selection latch. As shown in 
Table 2, UIC is required to indicate priority of the UD bus 
for data input operations. The selection latch in the I/O port 
stores the result of the most recent IV address selection. 
The latch is set when the internally preprogrammed address 
of the port matches the address on the IV bus during an 
address-selection operation (SC = MCLK = High; ME = WC 
= Low). The latch is cleared when the two 8-bit address 
patterns are in disagreement. The IV bus can transfer data 
only when the selection latch is set. As shown in the 
APPLICATION DIAGRAM, the 8X305 Left Bank (LB) and 
Right Bank (RB) outputs can control the ME inputs for two 
banks of I/O devices, thus, acting as a ninth address bit. 


8X374 


Table 2. INPUT/OUTPUT CONTROL OF IV BUS 


Selection | Function 

SC | WC | MCLK | UIC Latch of IV Bus 
L L Output Data 
Input Data 


Input 
Address* 


Inactive 


Inactive 


Inactive 


Not Set 


xX 
*Selection latch is updated. 


Inactive 


Inactive 


X = Don’t Care. 


Data is written into the data latches of a selected device 
from the IV bus when WC, MCLK and UIC are all high and 
ME is low. To prevent data-input conflicts, inputs from the 
IV bus are inhibited when VIC is low; under al! other condi- 
tions, the |1V and UD busses operate independently. Output 
drivers on the IV bus of a selected device are enabled when 
ME, WC, and SC are all low and the address selection latch 
is set. 


Parity Generate/Check Logic 


The Parity Bit (PB) pin provides both parity-generate and 
parity-check capabilities according to user data bus con- 
trols. With UIC low (active), a parity check is performed on 
the input data stream; with UOC low (active) and UIC high, 
the 8X374 generates the parity-bit for the output data 
stream. The user can select odd or even parity via the Parity 
SeLect (PSL) input control, 1 = even parity and 0 = odd par- 
ity. AS data and parity are input to the data latches and the 
parity-bit latch from the UD bus and PB line (Figure 1), par- 
ity errors (if any) are continuously detected by the parity- 
check logic. Parity error status enters the error flag latch (if 
enabled) and appears at the EF output pin. The error latch 
can be strobed by the Error Flag Hold (EFH) control to latch 
in valid error status; otherwise, the error flag is transparent 
to the user. (Note: If the sytem uses less than eight data bits, 
keeping zeros in unused data latches preserves proper par- 
ity operation.) 


Bus Logic Levels 


Data written into the I/O port from either bus will appear 
inverted when read from the other bus. Data written into 
either bus will not be inverted when read from the same 
bus. (Note: A logic “1” in MicroController software corres- 
ponds to a high level on the UD bus even though the IV bus 
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is inverted.) The 8X374 wakes up with the address selection 
latch in the unselected state, all data bits latched at the 
“logic 1” level (UD bus outputs high if enabled), and the EF 
output high. as 


ADDRESS PROGRAMMING AND 
ADDRESS PROTECT | 
Programming Procedures 


The 8X374 can be programmed to respond to any address 
within a range of O10 through 25510. In an unprogrammed 
state, low tevel (< 0.8 V) inputs on ail IV bus lines (address 
25510) will select the device. To program a given address bit 
to match a high level (= 2.0 V) input on the corresponding IV 
pin (a logical “O” to the MicroController), the counterpart 
UD-bus pin must be pulsed according to Table 3 and the 
following procedures: 


Step 1: Set all control inputs to the inactive state, UIC = 
UOC = ME = Vcc and SC = WC = MCLK = 0 V; leave the 
UD and IV bus pins open. | 


Table 3. PROGRAMMING SPECIFICATIONS 


Parameters 


| 
a 

5 

5 
2 }2 
Rae 


Voce — Programming supply 
voltage: 


Address 8.75 * 


Protect 


ss hargrmmelreis wus nectinaninaanr: 


vd 
oO 


Maximum Time Vec > 5.25 V 


Programming voltage: 
Address 


Protect 


©} 
mF Ph 
an | 
n 
oOj;j< 
|< [Fl 


Programming current: 
Address . 


Protect 


ty -- Programming puise rise 
time: 
Address 


P| > 


nan 


Protect 


.~ 
” 


neweta ea 


mas f et or : 
©1818 pop? 
és] 


: 
7 


Step 2: Increase Vcc to Vccp. 


Step 3: After Vcc has stabilized, apply a single program- 
ming pulse (Figure 2) to the user-bus bit that corresponds to 
the desired high-level IV address bit. The I/O port is pro- 
grammed from the user bus (UDO-UD7) for addressing from 
the MicroController bus (1V0-1V7). 


Step 4: Return Vcc to 0 volts. (Note: If the programming of 
all address bits is completed in less than one second, Vcc 
can remain at Vccp for the required interval of time.) 


Scieinaiieih ith eonacahis Seav.Np acca tree hie NERA 
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Step 5: Step 1 through Step 3 are applicable to the pro- 
gramming of each address bit that requires a. high-level IV 
match. 


Step 6: To verify that the address is properly programmed, 
return Vcc to +5 V and set IVO-IV7 to the desired address 
pattern (inverted). Set ME = WC = Low and SC = MCLK = 
High to select the programmed I/O port. With ME = SC = 
Low and WC = MCLK = High, write an 8-bit pattern to the 
port. If there are no programming errors, the transmitted 
data pattern will appear inverted at UDO-UD7 of selected 
port. 


wy = VCP 
Vcc PIN Vf \ / \ 
| | OV 
< 1.0 SEC 


oe eee Vccp 
90% 
UDINPUT / \ £ ‘ 
OV 
| tr 0.5 ms < tw < 1.0 ms 


Figure 2. Address Programming Pulse 


ADDRESS PROTECT 


After programming the !/O Port, optional steps can be taken 
to isolate the fuse circuits and to make these circuits per- 
manently immune to further change. 


Step 1: Set Vcc and ail control inputs to 0 volts; Vcc = UIC 
= UOC = ME = SC = WC = MCLK = OV, IVO-IV7 = open 


‘circuit. 


Step 2: Taking One pin at a time, apply a protect program- 
ming pulse (Figure 3) to each user-bus bit (UDO-UD7). Refer 
to Table 3 for min/max specifications pertaining to voltage 
and current. 


Step 3: Verify that the address circuits for each bit are iso- 
lated by applying Vccp, in turn, to each user-bus pin 
(UD0-UD7) and measuring less than 200 microamperes of 
input current. (Note: Setup conditions are the same as those 
in Step 1.) 


90% 
UD INPUT 
10% | 


Sa — Voce 


0.5 ms = tw <= 1.0 ms 


pew) ears 


Figure 3. Protect Programming Pulse 


Addressable/bidirectional 1/O port with parity 8X374 


ABSOLUTE MAXIMUM RATINGS 


Vcc Power supply 
+7 VDC 


voltagel3! 


DC ELECTRICAL CHARACTERISTICS 
COMMERCIAL: Vcc = 5 V (£5%); Ta 2 0°C 


Input voltage!s! 


Ta <= 70°C 
MILITARY: Vcc = 5 V (+10%): TA >-55°C Tste Storage temperature -65 to +150 
To <= 125°C 


Limits 
(Commercial) 
Parameter Test Conditions 


[vec Suppyvotage TS 
[vin High LevelinputVotage fT 
VIL Low Level Input Voltage aa 
HH High Level Input Current! 1! 
Low Level Input Current!1! 


Low Level Output Voltage Vcc = Min; lo. = 16 mA 
IV Bus (IV0-1V7) 


User Bus (UDO-UD7) and PB 

EF 

High Level Output Voltage EF 

Others Vcc = Min; lon = -3.2 mA 2. 


Short Circuit Output Current?! Vcc = Max -2 
IV Bus (iV0-IV7) 


UD Bus (UD0-UD7) 


Supply Current Vcc = Max; ME = UOC = Vcc 


Notes: 

1. The input current includes the high-Z leakage current of the output drivers (IVO-IV7, UDO-UD7) on the data lines. 
2. Only one output may be shorted at a time for testing purposes. 

3. These limits do not apply during address programming. 
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AC ELECTRICAL CHARACTERISTICS 
COMMERCIAL: Vcc = 5 V (+5%); Ta 20°C, TAS 70°C 
MILITARY: Vcc = 5 V (+10%); Ta 2 55°C, Tc $ 125°C 


LOADING: See TEST LOADING CIRCUITS 


2A ALN ANN OTA PO A YS ANORDY 


Limits Limits 
References (Commercial) (Military) 
Parameter Min |Typ | Max } Min | Typ 
Pulse Widths: 


a | 

on 

|e 
o 
x 


> b 
wn i 
i?) wn wm 


twi Clock High 
| tw2 User Input Control 


| Propagation Delays: 
tpp1 UD Propagation 
Delay 


BSS 


0 


On 7M 


UD Clock Delay UD = Stable; 


wn 


Low 


UD = Stable; 
MCLK = High; 

SC = WC = ME = Low 
MCLK = WC = UIC = 
High; 

ME = UOC = SC = Low 


a 


UD Input Delay 


| tppa IV Data 
Propagation Delay 


n 
on 


ao & 
on 


| tpps IV Data 
Clock Delay 


| tppos Error Flag Propagation 
Delay 


qi 
Oo 


MCLK = WC = UIC = 
High; UOC = ME = Low 


tpp7 Parity Generate 
Propagation Delay 


G7, ® 
Orem 


tpos Error Flag Strobe 
Delay!s! 


rh on on 
Oo on on on 


| Output Enable Timing: 
toe1 UD Output Enable 
toc2 UD Input Recovery 


toe3 IV Data Master 
Enable 


IV Data Write 
Recovery 


_ ‘W | Sc=ME=Low 
iV Data Select IV SC = ME = Low 
Recovery 
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8X374 


Addressable/bidirectional |/O port with parity 


AC ELECTRICAL CHARACTERISTICS (Continued) 


Limits 
(Commercial) 


References 


Parameter 


Output Disable Timing: 
top1 UD Output Disable 


top2 UD Input Override 
top3 !V Data Master Disable {ME 


top4 IV Data Write Override 


Setup Times: 


ts; UD Clock Setup Time 


| eat 
ts3.- User nput Control 1OIG }MCLK 
Setup Time 
tsq__ IV Data Setup Time iV WC = High or SC = High; 


ME = Low; UIC = High 


ts5 2 IV Master Enable 


IV 7 
ise, a Woe outa WMCLK | SC =ME=Low: UIG=High | 30 30 
Setup Time 
ts7 «IV Select Control WMCLK | WC = ME =Low 30 
Setup Time 
Hold Times: 
ty UD Clock Hold Time WMCLK UD, PB ee eee) Low <s 
tHo UD Control Hold Time | 4UIC UD, PB | MCLK = |MCLK=High | ua Siac 7 
tH3 User Input Control 
Hela tire WWCLK 4UIC 
tH4 |V Data Hold Time WMCLK IV WC = High or SC = High; 
ME = Low, UIC = High 
2) 1 ‘WE 
tHs'*' IV Master Enable }MCLK WC = High or SC = High; 
Hold Time UIC = High 
tHe __|V Write Control 
Leta rine WMCLK SC = ME = Low; UIC = High 
Mie ON Select GSniyo! #MCLK SC. | WC =ME=Low ns 
Hold Time 
Notes: 


1. 
2. 


All measurements to the IV bus assumes the address selection latch is set. 


into or selection of the I/O port. 


Parameters are measured by holding UIC = High and MCLK = Low and changing the state of the PSL input before each EFH pulse. 
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If ME is to be high (inactive), it must be setup before the rising edge and held after the falling edge of MCLK to avoid unintended writing 
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TIMING DIAGRAMS 


USER DATA INPUT TIMING 


-_ | 
4 ts. 
4 


s1 | tis (Note 3) 
<——— S17 — | aq 
| | (Note 2) (Note 3) | 
UD, PB (input ‘Ny 77 fi 
FROM USER iy Vr: YW 
SYSTEM) Ks A, 
| | 
hag 
j tens Static Conditions a 
| | | SC - WC = ME = EFH = Low. 
UOC High 
| | Notes : 
| | | 1 The actual time for stable 
| | data on the IV bus ts the 
EF | | latest propagation from 
| | tppi. teo.. and ten: 
{ | | 2 The UD input must satisty 
I | | the setup-time require- 
| | | ments for both tsi and ts: 
| | je teo1—» 3 Minimum hold-time re- 
| | (Note 1) | quired for the UD inputis 
I Je tppg (Note 1)——>| the earher of the times 
‘ \ specified by th and th. 
Pannier (Note 1) ——>| 
| 
IV (output 


to Microprocessor) 


U:’;;_— 


MICROCONTROLLER WRITE CYCLE TIMING 


ha 
\f | 
MCLK B48 
2 : : | 
a 
; | 2 —>| 
: | { <——— {  —_»| 


{ | HS 


jt. —> |< tg ——> 


ss { ' 
I 


*——— tp eas 
| : 
PB. ae 
(OUTPUT | | 
TO USER 
oe 
SYSTEM) | ae, | 
UD (output To usER 
SYSTEM) 
Static Conditions: 
voc Low 
UIE High 
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RES = HIGH-Z STATE 
OOOO) = ba 


O 


7 Wy = CHANGING DATA 


MICROCONTROLLER SELECT CYCLE TIMING 


l | 
pay, |}~«———— tg. —_—_—_—+>|<—t,,,—+| 
ME YUE ' KI; 


j+— ls, —|+- aa A 


=" IX... 


processor) 


USER DATA OUTPUT ENABLE TIMING 


O 


Cc 


IC 


Cc 


UD, PB 
(OUTPUT 
TO USER 
SYSTEM) 


MICROCONTROLLER OUTPUT ENABLE TIMING 


Micro- 
processor 
Control 
Signal* 


IV 7s 
(OUTPUT to 5552 On? ON 


‘i oS 
4 OP 6,0, 0,9, 
Micro- 855050509 OPO 
processor) 


“PARAMETER KEY 


MICROPROCESSOR 
CONTROL SIGNAL AC TIMING PARAMETERS STATIC CONDITIONS 
ME tees toes SC = WC = LOW 
Wc. toes: tes - SC = ME = LOW 
‘Sc wC = ME LOW 


toes fons 


Addressable/bidirectional |/O port with parity 


TEST LOADING CIRCUITS 


OUTPUT OUTPUT 
UNDER UNDER 
TEST TEST 


APPLICATIONS 


As shown in the following diagram, the 8X374 can be used 
with other I/O ports to provide a complete range of input/ 
output functions. By proper control of the UIC and UOC 
lines, the user can perform bidirectional data transfers, 


APPLICATIONS DIAGRAM 


(Note 1) 


MICROCONTROLLER 


MCLK 
RB 


(Note 1) 


Note: 
1. Up to 256 discrete addresses can be assigned to each bank (LB or RB). 


ERROR FLAG 


+5 


OUTPUT 
UNDER 
TEST 


exercise system control, read system status and. by using 
the 8X374, implement a bidirectional parity-controlled data 
stream. To use the parity capabilities, the user need only 
select even or odd parity (PSL = 1 or 0) and connect the PB 
pin to the system parity bit. The EFH and EF pins can be 
wired according to system requirements. 


USER 
SYSTEM 


8X372 Vv 
vo Port UOC S 


UIC 


UD0-UD7 


8X372 ‘ 
V/OPORT OIG ce 


uoc 
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4-INPUT/4-OUTPUT ADDRESSABLE |/O PORT 


FEATURES 


Bidirectional 8-bit MicroController (IV) bus 

User bus—four input bits and four output bits 

Independent bus operation 

Synchronous user data input 

Programmed MicroController port address 

Three-state TTL outputs with high-drive capabilities 

Power-up to predetermined logic state 

Directly compatible with 8X305 or 8X300 
MicroControllers 

Single +5V supply 

0.4inch 24-pin DIP 


PRODUCT DESCRIPTION 


The 8X382 I/O Port is an addressable, three-state device 
designed for use as an interface element in systems that use 
TTL-compatible busses. Typically, the 8X382 is used with 
the 8X305 MicroController and its associated Interface 
Vector (IV) bus; however, it can also be used with the 8X300 
MicroController or an equivalent microprocessor. The 
8X382 is functionally the same and pin-for-pin compatible 
with the older 8X42; however, the new port features better 
performance, increased drive current, and improved pro- 
gramming procedures. 


As shown in the logic diagram of Figure 1, the I/O port 


8X382 PACKAGE and PIN DESIGNATIONS 


PIN NO. IDENTIFIER 


1-4 UD7-UD4 


5-8 UD3-UDO 


N, | PACKAGE 


9 UOC 


10 


11 


~ 
-> 
a. 
= 
2 
° 
wT 
— 
~ 
_ 
a 
= 
< 


ADDRESSABLE i/O PORT 


TOP VIEW 


ORDER NUMBERS 


N8X382N, N8X382! 
$8X3821/883B, 8X3821/883C 


8X382 


consists of eight data latches—bits 0 through 7. These 
latches are accessed through either of two busses—an 8-bit 
bidirectional 1V bus connected to the MicroController anda 
User Data (UD) bus consisting of four dedicated inputs (bits 
UDO through UDS3) and four dedicated outputs (bits UD4 
through UD7). All eight bits may be read from or four data 
bits (1V4-1V7) can be written into via the IV bus; eight bits of 
/O address can be written from the IV bus. Separate 
controls are provided for each bus and both busses operate 
independently. The I/O data latches are transparent, in that, 
when either bus is enabled for input, all transitions in input 
data are propagated to the other bus, if that bus in enabled 
for output. 


The 8X382 is available with preprogrammed addresses (010 
through 25510); it can also be field-programmed over the 
same address range. Input/output operations can begin 
once the I/O port is selected and appropriate control 
signals are generated. Port selection is implemented by 
putting the |/O port address (0190-25510) on the IV bus; once 
selected, the I/O port remains selected until a different “port 
address” is put on the bus. Thus, software overhead is 
minimized. Data is accessible on the UD bus atall times. A 
Master Enable (ME) input, which is typically connected to 
the Left Bank (LB) or Right Bank (RB) output of the MicroController, 
provides the capability of organizing the IV bus into two 
separate and independent banks of |/O devices. 


FUNCTION 


Three-state, dedicated output lines for user data; UD7 
corresponds to IV7. 


Dedicated input lines for user data: UDO corresponds to IVO. 


User Output Control—active low input to enable data output 
to UD4-UD7. 


User Input Control—active low input to enable data input 
to UD0-UDS. 


Master Enable—active low input to enable the IV bus for data 
input, data output, or lV address selection/deselection; UD-bus 
operations are unaffected. 


Ground. 


Master Clock—active high input from MicroController used to 
strobe data into data latches from the IV bus and bits UD0-UD3 
of the UD bus: MCLK also synchronizes IV address selection. 


Select Command—active high input from MicroController to 
enable IV address input from the IV bus for device selection. 


Write Command—active high :from MicroController to enable 
the writing of data into the data latches from the IV bus. 
provided UIC ts not low. 


Interface Vector :Input/Output Bus —three-state, bidirectional, 
data bus; IVO corresponds to UDO. . 


Supply Voltage. 
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Figure 1. Logic Diagram for 8X382 I/O Port 
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4-input/4-output addressable !/O port 


FUNCTIONAL OPERATION 


UD Bus Control 

As shown in Table 1, the User Data-bus interface is 
controlled by the UIC and UOC inputs. Data input to UDO- 
UD3 is synchronous with MCLK, that is, with UIC low, 
information is written into the data latches only when MCLK 
is high. The output drivers of UD4-UD7 bus are enabled 
when UOC is low 

INPUT/OUTPUT CONTROL OF UD BUS 


FUNCTION OF UD BUS 


UDO-UD3 UD4-UD7 


Table 1. 


Inactive Inactive 


Inactive Inactive 


X = don't care 


IV Bus Control 

Input/output control of the IV bus is shown in Table 2; this 
bus is controlled by SC, WC, ME, MCLK and the current 
state of an internal address selection latch. The address 
selection latch in the |/O port stores the result of the most 
recent IV address selection. The latch is set when the 
internally preprogrammed address of the port matches the 
address on the IV bus during an address-selection operation 
(SC=MCLK=High/WC=Low). The latch is cleared when the 
two 8-bit address patterns are in disagreement. The IV bus 
can transfer data only when the selection latch is set. The 
MicroController Left Bank (LB) and Right Bank (RB) 
outputs can control the ME inputs for two banks of I/O 
devices, thus, acting as ninth address bit. 


Data is written into the data latches of a selected device 
from the IV bus when WC = MCLK = High and ME = Low. 
Output drivers on the IV bus of the device with the address 
latch set are enabled with ME, WC, and SC low. With SC and 
WC both high (shaded entry of Table 2), the bit pattern 
present on IVO-IV7 is interpreted as both input data (I1V4-IV7 
only) and IV address. The data in IV4-IV7 is latched in 
whether or not the I/O port has been previously selected. If 
the preprogrammed address of the I/O port matches the bit 
pattern on IVO0-IV7 when SC and WC are both high, the 
selection latch is set; otherwise, it is reset. (Note. The 
MicroController never drives both SC and WC high at the 
same time.) 


Table 2. INPUT/OUTPUT CONTROL OF iV BUS 
FUNCTION OF 


IV BUS 
Output Data 


Input Data (iV4-iV7 onl 


Input Address* 


+d: UTfEess 
Inactive 


Inactive 


Inactive 
Inactive 


* Selection latch is updated 


8X382 


Bus Logic Levels 

Data written into the I/O port from either bus will appear in- 
verted when read from the other bus. Data written into either 
bus will not be inverted when read from the same bus. (Note. 
A logic ‘‘1”’ in MicroController software corresponds to a high 
level on the UD bus even though the IV bus is inverted). The 
8X382 wakes up in the unselected state with all data bits 
latched at the “‘logic 1”’ level (UD bus outputs high if enabled). 


ADDRESS PROGRAMMING AND ADDRESS PROTECT 


Programming Procedures 

The 8X382 can be programmed to respond to any address 
within a range of 010 through 25510. In an unprogrammed 
state, low level (<0.8V) inputs on all IV bus lines (address 
25510) will select the device. To program a given address bit 
to matcha high level (=2.0V) input on the corresponding IV 
pin (a logical “O” to the MicroController), the counterpart 
UD-bus pin must be pulsed according to Table 3 and the 
following procedures: 


Step 1: Set all control inputs to the inactive state— 
UIC = UOC = ME= Vcc and SC = WC = 
MCLK = GND; leave the UD and IV bus pins 
open. 

Step 2: Increase Vcc to Vccp. 

Step 3: After Vcc has stabilized, apply a single pro- 


gramming pulse (Figure 2) to the user-bus bit 
that corresponds to the desired high-level IV ad- 
dress bit. The I/O port is programmed from the 
user bus (UDO-UD7) for addressing from the 
MicroController bus (IVO-IV7). 


Table 3. PROGRAMMING SPECIFICATIONS 


| LIMITS 
PARAMETERS Min ax | UNITS 
Vccp — Programming supply 

voitage: 

Address 8.75 9.25 V 

Protect ae ee ae 
Maximum time Vccp >5.25V] 
Programming voltage: 

Address | 8.75 9.25 V 


Programming current: = 


Address 


Protect 


© 
NO 
(oa) 
< 


tr — Programming pulselrise 
time: 

Address 

Protect 


tw— Programming pulse width 


< 
a] 


“1515 on 
olelS S| 


ap : BB 


n 


Step 4: Return Vcc to 0-voits. (Note. /f the program- 
ming of all address bits is completed in less 
than 1-second, Vcc can remain at 9.0-volts 


for the required interval of time.) 
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Step 5: Steps 1 through 3 are applicable to the Step 1: Set Vcc and all control inputs to 0-volts | Vcc 
programming of each address bit that re- = UIC = UOC = ME = SC = WC = MCLK = 
quires a high-level [V match. GND = 0.0V); IV0-IV7 = open circuit. 

Step 6: To verify that the address is properly pro- Step 2: Taking one pin at a time, apply a protect 
a(aume: heal Voc Ho Hag Sel O UENO programming pulse ‘Figure 3) to each user- 
the desired (inverted; binary address pattern, bids. ‘bit LUDOcUD Ti r1eiee to. ‘Table & for 
setME=WC=LowandSC=MCLK= High. If min/max specifications pertaining to voltage 
there are no programming errors, subsequent aA urbant 
data written from IV4-IV7 ‘WC = High: will 
appear inverted on UD4-UD/7. Step 3: Verify that the address circuits for each bit 


is isolated by applying 9-volts, in turn, to 
each user-bus pin (UDO-UD7) and measur- 
ing less than 200 microamperes of input 
current. (Note. Setup conditions are the 
same as those in Step 1.) 


----9.0V 
Voce 
Se nonf fd ome OV 


| 
j*— <= 1.0 sec.—~1 
ADDRESS 
PRO- 90% QFN —9.0V 
GRAMMING 10% By 
PULSE \ a | 
(UD INPUT) t 0.5ms<t,< 1.0 ms 

r 


Figure 2. Address Programming Pulse 


Address Protect 

After programming the I/O Port, steps should be taken to 
isolate the address circuits and make these circuits perma- 
nently immune to further change. 


Figure 3. Protect Programming Pulse 


DC ELECTRICAL CHARACTERISTICS ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATING 
Vcc Power supply voltages +7 
. e VIN input voltage3 +5.5 
COMMERCIAL: 4.75V < Voc < 5.25V, 0°C <= Ta < 70°C Ts16 Siorage temperate range 65 to +150 


MILITARY: 4.5V < Vcc < 5.5V, -55°C < Tc < 125°C 


PARAMETER 


Yeo Suey Vowgs 
VcL 
HH | 


LIMITS (COMMERCIAL) LIMITS (MILITARY) 


TEST CONDITIONS 


+ 
anl< 
me] 


SE 
O}a 
on 
) 
oa 


oO 

on 
Cc 
pee ez 
+ 


1 
—_ 
on 


Input Clamp Voltage Voc= Min: = -10mA 
High Level Input Current! Voc = Max; ViH=2.7V 
Hie Low Level Input Current! Voc= Max; Vit =0.5V 


High-Z State Output Current— Vec= Max: Von=2.5V 


High Level4 | | 
High-Z State Output Current— Voc = Max; Vo_=0.5V 
Vcoc=Min; lot= 16mA 


Low Level4 

Low Level Output Voltage 
Vcc=Min; lor=24mA 
Vcoc=Min; loH=-3.2mA 


on an | 


10 


t 
on 
On 
() 
i 
o>) 
on 
oO 
\ 
on 
on 
Oo 


102H 


—_ 
oe 
co) 
e 
> 


= 
oO 
jo) 


an 
~) 
ro) 


ro) 
Dall a 
ome, 


iV Bus (iVO-IV7) 
User Bus (UD4-UD7) 


VOH High Level Output Voltage 


‘tos Short Circuit Output Current 
IV Bus (IV0-1V7) 
UD Bus (UD4-UD7) 


O19 
mn] on 
on 


io) 

an 
N 
iN 


i) 
° 
=| 
> 


(Oar eR) © 
apo lo) 


Oo |s. 
: 
> 


wl on 
Nn 
O!1° 


<= 
QO 
QO 
UI 
< 
® 
x 
t 
—s 
(=) 


_v 
oO 
(a) 
t 
—_ 
oO 


Supply Current Voc=Max; ME=UO0C=Vecc Pe ies 90 | 150 
Notes: 
1. The input current includes the Three-state leakage current of the output driver on the data lines. 2. Only one output may be shorted at a time. 
3. These limits do not apply during address programming. 4. Applies only to pins UD4-UD7. 
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AC ELECTRICAL CHARACTERISTICS 
COMMERCIAL: 4.75V < Vcc < 5.25V, 0°C < Ta < 70°C 
MILITARY: 4.5V < Vcc < 5.5V, -55°C < Tc < 125°C LOADING: See TEST LOADING CIRCUITS 


| __ REFERENCES! | [LIMITS (COMMERCIAL) [LIMITS (MLITARY) 

PARAMETER | REFERENCES’ | TEST CONDITIONS LIMITS (COMMERCIAL) | LIMITS (MILITARY) UNIT 
| FROM | TO | | Min | Typ | Max | Min | Typ | Max | 

oe Widths: 

Clock High eMCr mc 35 


MCLK High 


SC-WC ME 
UDo..3 - Stable; MCLK © High; 
SC »~WC.-ME - UIC: Low 
UDo. 3 Stable; MCLK - High; 
SC WC ME- 
MCLK WC High; 


E- UOC - SC = Low 


User Input Control 


Propagation Delays: 
tPD1 UD Propagation 
Delay 


teD3 UD Input Delay Es Tee 
tpp4 IV Data 
teps —s«V’: Datta - Stable: WC ° High; 
Clock Delay tMCLK UOC - SC = Low 
Output Enable Timing: 
tOeE1 UD Output Enable qUOC UD4.7 30 30 ns 
toe3 ~=si«dW:«éCDatta — — Penn 
toes IV Data — |i = 
toes ‘IV Data 1 
Output Disable Timing: 
top1 UD Output 
Base tU0C UD4-7 
top3s2._—s«sIV':~ Data 
tops2 IV Data 
aCe rao saul aac - Cre 
‘tope2 iV Data 4! se 


Setup Times: 
ts1 UD Clock 
Setup Time UDo.-3 yMCLK UIC = Low 15 15 ns 
UD Control toc 
| 
User Input Control 


IV Data WC = me or SC = High; 
tos IV Master Enable —— 
Setup Time pME {MCLK | WC = High or SC = High 
| as 


Setup Time 
Setup Time 
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: ac ELECTRICAL ( CHARACTERISTICS s (Con a oo 


SAGER "REFERENCES oa eet Conpitions igre UNIT 
Hoid Times: i 
tH4 . UD Clock 
Hold Time 


UD Control Se asec 

Hold Time ‘ue | up ae i en ee 
User Input Gontrol toast Pa eee oa 
Hold Time Ue | ee eae a 
Data Hold Time MCLK — WC = High or. SC= nee 

' ME= Low 
tHs? Master Enable = _ 

Hold Time {MCLK 

IV Write Control 

Hold Time INCE pwc 

1V Select Control 

Hold Time IMCLK 


Notes: 
1. All measurements to the IV bus assumes the address selection latch is set. 
2. These parameters are measured with a capacitive loading of 50 pf and represent the output driver turn-off time. 


3. If ME is to be high ‘inactive), it must be setup before the rising edge and held after the falling edge of MCLK to avoid unintended writing into or Selection 
of the 1/O port. 
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4-input/4-output addressable 1/O port 


[S. tue —_> 
(Note 3) 


<a S1 fyi 
| | __(Note 2) (Note 3) | 


|~<——— (Note 2) —_—___—_—_» 


| 
| 
| ts, 
| 
| 


UD (ineut 
FROM USER 
SYSTEM) 


| 

Static Conditions:  _ 

| SC WC ME _ Low: 

| UOC High 

Notes 

y 1 The actual time for stable 

| : data on the IV bus ts the 

| latest propagation trom 

| tpo1. tppv. and tena 

! 2 The UD input must satisfy 

{ the setup-time require- 

| ments for both tsi and ts 

a | 3 Minimum hold-time re- 
(Note 1) , quired for the UD input ts 


j~~tpp3 (Note 1) >| the earlier of the times 


\ specified by tH1 and tre 
<< top (Note 1) _—>| 
| 


TLR 


a. User Data Input Timing 


IV (output 
to Microprocessor) 


MCLK 


t 


| — H6 —p| 
wc |~+——-t,, ———>| 


| | |<— ti: —| 


~~ tsq—>|<+—__— tyya-—_—_> 


TO t 
" ore verre Ui, Zr, 7 


I 
| 
Static Conditions: | 
UOC Low | 
UIC High 


UD (ourTPuT to User 
SYSTEM) 


c. MicroController Write Cycle Timing 


Legend: 


= THREE-STATE 


= CHANGING DATA 


Ic 
uD 
{OUTPUT RRO Coro 
to User 
SYSTEM) 


b. User Data Output Timing 


j2———- tw: + 


t } 
. MCLK / h 
. | 


<_f{ >| 
ner 0 corinne Ry | 
1 


sc ! 


| 
at |\~————t.. > |< t,,, —>| 
ME YE 1 KL 


|ja—t, —»>|<——- t,, ates | 


me KX 


processor) 


d. MicroController Select Cycle Timing 
Micro- 


processor 
Control \ / 

Signal* | 

(OUTPUT to 

Micro- 


processor) 


“PARAMETER KEY 


MICROPROCESSOR 

CONTROL SIGNAL AC TIMING PARAMETERS STATIC CONDITIONS 
ME tom: ‘fone SC = WC = LOW 
wc toes tons SC = ME = LOW 
sc Sea wC=ME LOW 


e. MicroController Output Enable Timing 


Figure 4. Timing Diagrams” 
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TEST LOADING CIRCUITS 


OUTPUT OUTPUT 
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4-input/4-output addressable |/O port 


APPLICATIONS 


When compared to other MicroController ports in the 
8X370 series, the 8X382 has some unique features that 
provide real design advantages in certain applications. 
Connection of the I/O port to the MicroController is simple 
and straightforward in that like pin names are tied together. 
The system designer must also decide on which bank of the 
MicroController to place the 8X382 and then connect the 
ME pin of the port to either the LB ‘Left Bank or RB ‘Right 
Bank) of the MicroController. 


The 8X382 is unique because it can be used for both 
dedicated input and output operations. In the system 


8X305 


MICROCONTROLLER 


8X382 


shown below, the user interface requires nine (9) dedicated 
inputs and eleven (11) dedicated outputs. Observe that by 
using an 8X382, the problem is solved by three devices, 
whereas, four 8X372 ports are required for the same 
solution. 


Another important use of the 8X382 is in implementing a 
handshake interface. Since both input and output bits 
reside in the same port, I/O operations can be performed 
without port re-addressing. Users may also find the 8X382 
an advantage in the layout of Printed Circuit boards, since 
random control/status signals can be grouped within the 
same device position. 


EIGHT (8) DEDI- 
CATED OUTPUTS 


{ 


Dmoc 


THREE (3) DEDI- 
CATED OUTPUTS; 


FIVE (5) LINES 
NO CONNECTION 


HH 


ZmAHvH<H 


EIGHT (8) DEDI- 
CATED INPUTS 


T 


mor nBmMiAz— 


ONE (1) DEDICATED 
INPUT 


li 


Be) 
° 
za 
+ 
{ 


SEVEN (7)LINES 
NO CONNECTION 


| 


8X305 
MICROCONTROLLER 


EIGHT (8) DEDI- 
CATED OUTPUTS 


8X372 1/0 


4 


THREE (3) DEDI- 
CATED OUTPUTS 
ONE (1) DEDICATED 
INPUT anna 
FOUR (4) LINES 

NO CONNECTION 


U 
S 
E 
Ri 
s 
Y 
i) 
T 
E 
M 


8X372 1/0 
PORT 


| 


mornomeZz- 


EIGHT (8) DEDI- 
CATED INPUTS 


8X372 V/O 
PORT 


qm 


Figure 5. Logic Diagram for 8X382 I/O Port 
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signetics 8X401 


Microcontroller 


Product Specification 


Microprocessor Products 


DESCRIPTION FEATURES PIN CONFIGURATION 
The Signetics 8X401 Microcontroller isa @ Fetches and executes all 

very high-speed bipolar microprocessor instructions in a minimum of 

implemented with internal ECL technolo- 150ns 

gy. The 8X401 Microcontroller combines e Bit manipulation-oriented 

speed, flexibility, and a bit-oriented in- instruction set 


struction set to accommodate many so- 
phisticated applications. It excels in sys- 
tems that require high-speed bit or byte 
manipulations, such as high-speed con- 
trollers and data communications. e On-chip interrupt control 


The 8X401 can fetch, execute, and gen- . ae compatne:7/0 

erate the next instruction address fora ° Single +5V supply 

20-bit instruction ina minimum of 150ns. © 9.9-inch 64-pin DIP, 68-pin plastic 
Within one instruction cycle, the 8X401 leaded chip carrier 

can be programmed to input, right-rotate ©¢ Two user-definable status flags 
and mask single or multiple bit subfields, e Single TTL clock input 

perform an ALU operation, left-rotate, 
merge the subfield into the destination, 
and output. 


e Separate buses for instruction, 
instruction address and I/O 


e Sixteen 8-bit registers 


e Three independent I/O banks 
e On-board control sequencer 
e On-chip subroutine capabilities 


e Fixed instruction set — 32 
instructions 


@ Complete development support 


To interface with program memory, the 
8X401 uses a 13-bit address bus and a 
20-bit instruction bus. An 8-bit bidirec- 
tional data/address bus, and an !/O 
control and timing bus is used to access 
external peripheral devices. 


ORDERING INFORMATION 
DESCRIPTION ORDER CODE 


64-pin CERAMIC 
DIP 900 Mil Wide 


N8X401| 


537} 119 


536} 118 


35] 117 
34 6 
33] 115 


CD09620S 
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BLOCK DIAGRAM OF THE 8X401 
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PIN DESCRIPTION 


IDENTIFIER FUNCTION 


Program Address Lines: These active-high outputs permit direct addressing of up to 8192 
-14 A12-A0 
locations of program storage; AO is LSB. 


aes 


Non-Maskable Interrupt: The falling edge of this active-low input pin generates a non- 
maskable interrupt. 


Interrupt: This active-low input pin is tested during the fourth quarter of each instruction cycle. 
If an interrupt is indicated and if interrupts are enabled, the address of the next instruction that 
was to be executed is stored onto the program counter stack before the interrupt is serviced. 


Instruction Lines: These active-high input lines receive 20-bit instructions from program 
storage; 10 is LSB. 


Bank A: When low, devices connected to bank A are accessed. (Note: Typically, the A signal 
is tied to the ME input pin of I/O peripherals.) 


Bank B: When low, devices connected to bank B are accessed. (Note: Typically, the B signal 
is tied to the ME input pin of I/O peripherals.) 


Bank C: When low, devices connected to bank C are accessed. (Note: Typically, the C signal 
is tied to the ME input pin of I/O peripherals.) 


Select Control: When high, an address is being output on pins DA7 through DAO. 
Write Control: When high, data is being output on pins DA7 through DAO. 


Data Address Bus: These active-low, bidirectional, three-state lines are used for I/O; DAO is 
LSB. 


+5V power supply. 


Master Clock: This active-high output signal is used to strobe data into data peripherals for 
clocking I/O devices and/or synchronization of external logic. MCLK is active-high in the fourth 
quarter cycle. 


Read/Write Clock: This active-high output signal is used for synchronization of external logic 
and is active-high during the third and fourth quarter cycles. 


Reset: The RESET input pin is used to initialize the 8X401. 


Halt: The HALT input is sampled during the first quarter cycle of each instruction cycle. When 
the HALT input is low, the instruction cycle is not executed. 


Slow Clock Request: This active-low control input is sampled during the first quarter cycle of 
each instruction. When SCR is asserted, it will cause the current instruction to be executed at 
half of the normal clock rate. This control input is necessary to accommodate I/O devices that 
cannot operate at the 8X401's full speed, without having to continuously run the 8X401 at half 
speed. 


Clock Pulse: Each 8X401 quarter cycle will correspond to one full cycle of the clock pulse. 


59 S| Status Input: The value of the SI pin during the fourth quarter cycle is transferred to Sl bit in 
the status register. 


| 60 =| PS Programmable Status: The programmable status pin is controlled entirely by the user program. 


Non-Zero: The NZ bit of the status register is reflected on this pin. 


Interrupt Receivable: The IR pin indicates whether an interrupt applied at any point in time 
will be serviced. Interrupts are receivable when the interrupt mask (status register, bit 0) is 
clear and the stack is not full (IM=0O and SF =0). 


Carry: Carry bit from R10 is output on this pin. 
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SMALL SYSTEM 
CONFIGURATION 


The system hookup shown on the next page, 
although of the simplest form, provides a 
fundamental example of the 8X401 Microcon- 
troller and compatible peripheral relation- 
ships. As shown, the 8X401 can directly 
address up to 8K locations of program stor- 
age. 


Each of the three bank pins (A, B, or C) are 
capable of uniquely addressing 256 input/ 
output locations via the Data Address bus 
(DA7 — DAO). 


The addressable locations for each bank can 
be used in a variety of ways. The hookup 
shown below is just one method of implemen- 
tation. 


When a particular bank signal is asserted, 
that bank is enabled and any one of 256 
locations on that bank can be accessed for 
input/output operations. 


PROGRAM STORAGE 


INTERFACE 

As shown in the 8X401 small system hookup, 
program memory is connected to output ad- 
dress lines A12 through AO (AO = LSB) and 
input instruction lines 119 through IO 
(10 = LSB). An address output on A12-—A0 
identifies one 20-bit instruction word in pro- 
gram memory. The program memory outputs 
an instruction word on 119 -!0 which defines 
the microcontroller operation which is to fol- 
low. One instruction word equals one com- 
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pleted operation. Any TTL-compatible memo- 
ry can be used for program storage, provided 
the worst-case access time is compatible with 
the instruction cycle time used for the appli- 
cation. See timing section for appropriate 
calculations. 


I/O INTERFACE AND CONTROL 
The Data Address (DA) bus is an 8-bit bidirec- 
tional |/O bus which provides a communica- 
tion link between the 8X401 and the three 
banks of the I/O devices. The A (A bank), B 
(B bank), and C (C bank) control signals 
identify which bank is enabled. When all three 
banks go high (inactive), neither bank is 
enabled and the DA bus is inactive (three- 
state). A functional analysis of the three bank 
signals is shown below: 


aT® [© | runcron 


Low | Low | Low | This state is not 
generated by the 
8X401. 


Low | High |High | Enable A bank 
devices. 

High} Low |High | Enable B bank 
devices. 

High | High | Low | Enable C bank 
devices. 


High |High | Disable all devices; 


DA bus is three- 
state 


656 


Both data and !/O address information are 
multiplexed on the DA bus. The SC (Select 
Command) and WC (Write Command) signals 
distinguish between data and I/O address 
information as shown in the table below. 
Although the table shows bank A only, the 
same conditions apply to banks B and C. 


sn FUNCTION 


Low |Low | DA bus is three- 


state and not 
looking for input 


The DA bus is 
reading input data. 


Data is being 


Address is being 


This condition is 
never generated. 
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STATUS OUTPUTS 


OSCILLATOR 


USER CONTROLLED 
INPUTS 


SUPPLEMENTARY TIMING SIGNAL 
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BD02821S 


8X401 Small System Hookup 
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DATA PROCESSING 

The data processing section of the 8X401 
consists of a number of logical subsections. 
In order of processing, the data sees the right 
rotator, the ALU, the left rotator, and the 
merge circuits. Data sources and destinations 
can be various on-chip registers, the bidirec- 
tional DA bus, or immediate subfields. The 
data processing paths are shown below. 


DATA REGISTERS 


General-Purpose Storage 

There are 13 source/destination general-pur- 
pose registers available on the 8X401. Three 
of these registers, specifically Registers 0, B, 
and F, have other special functions in addi- 


tion to being general purpose. A summary of 

the registers is listed below: 

e@ RO (Auxiliary Register) — Register 0 is 
also used as the implied second 
operand for two operand instructions 
(ADD, ADD with CARRY, XOR, AND). 
The primary operand is specified in the 
source field of the instruction word and 
the AUX register is the implied second 
operand. Prior to performing arithmetic 
or logical operations (other than the 
IMMEDIATE operation), it is assumed 
that RO contains the appropriate data. 
In order to reduce the possibility of 
erroneous results and to minimize the 
number of instructions required to 
transfer a right-justified second operand 


| 


INSTRUCTION 
REGISTER 
IR7-IRO 


LENGTH/MASK VECTOR 
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into the AUX, the left-rotate and merge 
functions are inhibited when specifying 
the AUX as a destination address. This 
allows subfields from any internal 
register or |/O bank to be transferred 
to the AUX with the subfield LSB right- 
justified and unspecified bits set to zero. 
R1 through RA— These 10 addresses 
specify general-purpose, on-chip storage 
registers. 

RB — Register B is also used as the 
implied source for the XEC instruction. 
RF — Register F is also used as the 
implied destination for the XOR 
IMMEDIATE and AND IMMEDIATE 
instruction classes. 


LEFT 
ROTATE 
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Enabled |/O Addresses 

These three registers (RC RD, and RE) al- 
ways contain the address of the most recent- 
ly enabled |/O device for each of the three I/ 
O banks. When register C, D, or E is the 
specified destination address, the destination 
data is sent to both the on-chip register and 
the corresponding bank on the DA bus. The 
relationship between the register addresses 
and I/O banks is shown below: 


REGISTER BANK 


oO 
Ow > 


When these registers are specified as a 
destination address, the L field must be set to 
0 (full 8-bit operation). Also, note that regis- 
ters C, D, and E may not be used with the 
XMIT 5 or ADD IMMEDIATE 5 instructions. 


Carry 

Register 10 contains the Carry bit. Bit position 
0 (LSB) is the Carry bit, and positions one 
through seven are always zero. The Carry bit 
is updated each time an ADD, ADD IMMEDI- 
ATE, or ADD WITH CARRY instruction is 
performed. When specifying address 10 as a 
destination, only bit 0 (the Carry bit) will be 
written to. Data written to the Carry bit will be 
the LSB of the right-rotated data after any 
specified operation. 


When the Carry register is the explicit desti- 
nation of any ADD instruction, it will contain 
the carry resulting from the add operation 
rather than the LSB of the sum. Carry can 
also be affected via the Return and Set Carry 
or Return and Clear Carry instructions. 


Status Register 

This address specifies the current condition 
of the 8X401 system. The status register may 
be either a source or destination; however, 
certain bits in the status register are read- 
only. Four status outputs are available on 
8X401 pins. They are NZ (Not Equal to Zero), 
PS (Programmable Status), IR (Interrupts Re- 
ceivable), and Carry (R10, bit 0). The IR pin 
goes high when the interrupt mask is clear 
and the stack is not full. The IR output is 
updated during the 4th quarter cycle. The 
following descriptions define the bits within 
the status register. 


Bit 0: (IM) — This bit represents the Interrupt 
Mask control. When IM is set, the interrupt is 
inhibited. This bit is set automatically by a 
response from a standard or non-maskable 
interrupt, or RESET. IM can also be set or 
cleared by a write to the status register. 


Bit 1: (NZ)— This bit is set whenever the 
ALU output data is not equal to zero after any 
of the following instructions: MOVE, ADD, 
AND, XOR, ADD IMMEDIATE, AND IMMEDI- 
ATE, XOR IMMEDIATE, or ADD WITH CAR- 
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RY. NZ can also be written to directly when 
specified in the destination field. This opera- 
tion will negate and take priority over the 
normal setting by the ALU output. NZ is not 
affected after an XMIT instruction, or after a 
write to R17. 


Bit 2: (PS) — This is the Programmable Sta- 
tus bit. The contents are reflected on the PS 
output pin. This status is controlled entirely by 
the user program. 


Bits 3 and 4: (UFO, UF1) — These two bits 
represent user flags and have no assigned 
functions. They can be used as 1-bit internal 
flags and are entirely under control of the 
user program. 


Bit 5: (SI) — This bit reflects the state of the 
status input pin. This read-only bit is updated 
during the 4th quarter cycle. 


Bits 6 and 7: (SE, SF) -—— These read-only bits 
indicate Stack Empty and Stack Full, respec- 
tively. The bits are updated during the 3rd 
quarter cycle within the instruction that alters 
the stack status. 


INSTRUCTION WORD (See 
Table 3) 


Operations Code Field — The 4-bit opcode 
specifies one of 16 classes of instructions. 
Some instructions require two additional su- 
bopcode fields, X and XS. Variations and 
interpretations are displayed in Table 2. 


Source (S) and Destination (D) Fields — 
The 5-bit 'S'" and "'D" fields specify the 
source and destination, respectively, for the 
operation that is defined by the opcode. The 
"S" and/or "'D" fields specify an internal 
8X401 register or a variable length field from 
an !/O device. Hexadecimal values and 
source/destination field assignments for all 
internal registers are shown in Table 1. 


When RC-RE (banks A, B, or C, respectively) 
are specified as the destination, the data is 
output onto the DA bus using the specified 
bank. The data is also stored in the specified 
register and may be later accessed as source 
data. 


Rotate (R) and Length (L) Fields — The R 
field is used in conjunction with the L field to 
define the desired data within a register or I/ 
O device. The source data is right-rotated 
prior to ALU operations, such that the bit 
specified by the R field is right-justified. The L 
field specifies the number of bits of data to be 
used for the operation. After the ALU opera- 
tion, the data is left-rotated back to the 
original position prior to merging the data in 
the destination register. 


When the L field specification is 0 (indicating 
a ful! 8-bit operation), the left-rotate is sup- 
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pressed. This allows byte rotate operations to 
be performed. The left-rotate is also sup- 
pressed when the destination is register 0. 
This is the AUX register and is used as the 
implied second operand in certain instruc- 
tions. 


lt should also be noted that subfields are 
defined at the ends of a register; for example, 
bit positions 1, 0, 7, and 6 constitute a 
contiguous 4-bit subfield. 


Data Field — The data field holds data that 
can be processed directly from the instruction 
word. 


LEFT-ROTATE OVERRIDE 
BLOCK 


Register addresses 18-1F are destination 
only and are used to independently control 
left rotation of data prior to storage in the 
destination. Specifying 18-1F as a destination 
causes the data to be returned to the source 
address. 


In order to move a processed subfield within 
the same register but in different bil positions 
(the LSB of the contiguous subfield can vary}, 
it is necessary to independentiy specify the 

LSB for both the source and destination. The 

order of operation is as follows: 

@ Register or I/O source data is right- 
rotated as specified by the "'R"’ fieid. 
Along with the ''L" field, the subfield 
data is defined. 

® Subfield data is processed via the ALU. 

® Data is left-rotated 0-7 bits, depending 
on the corresponding register addresses 
18-1F as specified in the destination 
field rather than using the "'R"' field. 


® After left-rotation the specified subfield 
is merged into those bits of the origina! 
source data. The unspecified bits of the 
Original source data remain unchanged. 


@ Result is stored in the register address 
specified by the source field. 


Note that the left-rotate is always inhibited if 
the ''L" field is zero. Also, addresses 18-1F 
may not be used in the destination field for 
the XMIT or ADD IMMEDIATE instructions. 
The destination addresses and correspond- 
ing left-rotate values are shown in Table 2. 


DA BUS CONTROL BLOCK 

Register addresses 11-16 are used by the 
8X401 to access |/O devices for either a 
source or destination specified within the 
instruction. Register addresses 13, 15, and 
16 specify banks A, B, and C, respectively, 
whereas addresses 11, 12, and 14 specify 
bank pairs AB, CA, and BC, respectively 
(Table 4). One bank of each pair is known as 
the preferred bank. The preferred banks for 
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pairs AB, CA, and BC are banks A, C, and B, 
respectively. The first letter from each bank 
pair can serve as a mnemonic aid as to which 
bank is the preferred bank. Having a pre- 
ferred bank is simply a method of determining 
which bank to read when an instruction would 
otherwise indicate that two banks should be 
read at once. 


When used as a source, the appropriate 1/O 
bank is enabled and data is read from the 
activated 1/O device on that bank. The 1/O 
device may have been activated by a previ- 
ous address select instruction where regis- 
ters C-E were the specified destination. If a 
bank pair (addresses 11, 12, or 14) is speci- 
fied as a source, only data from the preferred 
bank of that pair will be read in. 


When addresses 11 - 16 are specified as the 
destination address, the destination data is 
sant to the DA bus. The Write Control (WC) 
signal goes high, indicating data (as opposed 
to an address) is on the DA bus and is to be 
writien to the activated I/O device on the 
selected bank(s). 


When addresses 11-16 are specified as the 
destination and the ''L" field is not zero, the 
following statements apply: If the source is a 
ragister and the destination is a single bank, 
the bank will be read (or the preferred bank of 
a hank pair will be read) to obtain the data 
required to perform the merge operation. The 
result is that processed data from the speci- 
fied suofield of the source register is returned 
to that selected field of the destination bank 
and any bits outside of the specified subfield 
will be loaded with unprocessed data from the 
1/O device just read. If the destination is a 


bank pair, the data from the procedure just 


described is sent to both banks. Below is an 
example of the outcome of an ADD instruc- 
tion with Length = 4, Rotate = 2, 
Source = Ri, and Destination = R11 (bank 
pair AB). 
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Example 1: 
OPCODE L S R D 
Bank Pair 
AB 


7 6 5 43 2 1 #0 
Rt Lalbjec[aje|t lal | 
\ cere emcees 
Specified 
Subfield 


Source register R1. Note specified 
subfield from L=4 and R= 2. 


aero (e[o[el@le[F lal] 


Add R1 with RO (AUX). Result after 
left-rotate. 


sana (Ti Tk] ale lol 


Read preferred bank A of AB. 


ule ee ei e [ibe 
Filije|ale|rlo]e | 


Result after merge. Data put out 
on both banks A and B. 


Bank A 
Bank B 


lf, however, the specified source is a bank or 
bank pair, any unspecified bits will contain 
unprocessed data from the source |/O de- 
vice. Below is an example of the outcome 
with Source = R14 (bank pair BC) and Desti- 
nation = R13 (bank A). 


Example 2: 
OPCODE L $s R D 
Bank Pair Bank A 
BC 
7 6 5 43 2 1 =0 
sank 8 [a[e[e[e[e[ i]s 
\eenasemensannysonceuemanasse! 
Specified 
Subfield 


Read Preferred bank B of BC. Note 
specified subfield from L = 4 and 
R=2. 


pane o+ro (e [6 [leo]? lel] 


Add bank B data with RO (AUX). 
Result after left-rotate. 


sane A (aoe leer [s]n | 


Result after merge. Unspecified 
bits contain original source data. 
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PROGRAM COUNTER STACK 
The 8X401 stack is capabie of saving up to 
four return addresses for subroutines and 
interrupts. Addresses are pushed onto the 
stack as a result of a call or a maskable or 
non-maskable interrupt. Addresses are 
popped from the stack as a result of an 
unconditional RETURN, a satisfied condition- 
al RETURN, or a Pop Stack and Jump 
instruction. The status of the stack (whether 
empty, full, or neither) is available from the SE 
and SF flags in the status register and the 
Interrupts Receivable (IR) output pin. 


INTERRUPTS 
Interrupt (INT) 


The interrupt input is tested once each in- 
struction cycle, during the fourth quarter cycle 
(see Figure 1). When the interrupt input is 
taken low and is enabled, the address of the 
next instruction is pushed onto the program 
counter stack. 


Program flow is transferred to address 2 for 
the start of the service routine (Figure 2). This 
is accomplished by inserting a dummy in- 
struction cycle after the interrupt is accepted. 


The interrupt mask bit (R17, bit 0) is set 
automatically as part of the interrupt re- 
sponse. 


The Interrupts Receivable (IR) pin indicates 
whether an interrupt applied at any point in 
time will be serviced. Interrupts are receivable 
when the interrupt mask is clear and the 
stack is not full (IM=0 and SF = 0). 


Non-Maskable Interrupt (NMI) 
The function of the non-maskable interrupt is 
similar to the standard interrupt, except that 
the interrupt receivable status has no effect 
on its operation and the address jumped to is 
1 rather than 2 (Figure 2). Address 1 should 
contain an unconditional JUMP to the start of 
the NMI service routine. An NMI is triggered 
by a falling edge on the NMI input. The 
interrupt mask is set to prevent normal inter- 
rupts from interfering with the NMI service 
routine. Note that it may not always be 
possible to recover from an NMI, since the 
condition of the interrupt mask prior to the 
NMI is not known, and the NMI response may 
overflow the stack. 


SLOW CLOCK REQUEST (SCR) 

This control input is sampled during the first 
quarter cycle of each instruction along with 
the instruction data. If the input is low, it will 
cause the current instruction to be executed 
at half of the normal clock rate. The purpose 
of this function is to facilitate accesses to |/O 
devices that cannot operate at the 8X401's 
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full speed, without the need to run the 8X401 
continuously at half speed. 


HALT 

The HALT input is sampled during the first 
quarter cycle of each instruction. If the HALT 
input is low, the instruction cycle is not 
executed. The MCLK continues to operate 
normally (high every fourth quarter cycle), 
even though program execution has ceased. 
When the HALT input goes high, program 
execution will resume at the next falling edge 
of MCLK. The DA bus is also inactive during a 


HALT operation. Like MCLK, RWC continues 
to operate during a HALT operation. 


RESET LOGIC 

The RESET pin is used to initialize the 8X401. 
When RESET is low, the address outputs 
(A12-A0) are high impedance, the stack 
pointer is set to the top of the stack (empty), 
MCLK is inhibited, RWC is low, and the 
interrupt mask (bit 0, register 17) is set. 


When RESET is released, the address out- 
puts all go low (program address 0). A dummy 
instruction cycle occurs to allow time to fetch 


Table 1. Hexadecimal Addresses and Source/Destination Specification 


ADDRESS DESIGNATION 
00 RO (AUX) — General Purpose’ 
01 R1— General Purpose 


R2 — General 
R3 — General 
R4 — General 


Purpose 
Purpose 


Purpose 


R5 — General 


R6 — General 


Purpose 


Purpose 


R7 — General Purpose 
08 R8 — General Purpose 
09° R9 — General Purpose 
OA -_ AAS General Purpose 
08 | RB— General Purpose? 
oc | RC—Address Reg (Bank A) 
ob RD — Address Reg (Bank B) 
OE - RE — Address Reg (Bank C) 
OF RF — General Purpose? 
NOTES: OO 


wh Oh a 


oO 
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R10 — Carry® 
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. Also used as implied second operand for two operand instructions. 

. Also used as implied source for XEC instructions. 

. Also used as implied destination for XOR IMMEDIATE and AND IMMEDIATE instructions. 
. Certain bits in the status register are read-only. (See Status Register within text.) 

. The result is returned to the register address specified by the source field. 

. Carry register, bit O is the carry bit. Bits 1-7 are always set to zero. 
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R13 — Bank Access Command 


R14 — Bank Access Command 
R15— Bank Access Command (Bank B) 
R16 — Bank Access Command (Bank C) 

R17 — Status* a 


R1F — Left-Rotate 7 Places” 


the first instruction from program storage at 
address 0. Only MCLK, RWC, and the ad- 
dress bus are in operation during the dummy 
cycie. The first active instruction cycle will 
begin following the first MCLK after RESET is 
released. The instruction at address 0 should 
be an unconditional jump to the beginning of 
the main program (which may be proceeded 
by a power-up sequence to initialize the 
system (Figure 2). 


lf RESET is applied during program execu- 
tion, its effect is immediate. That is, if MCLK is 
high, it may be prematurely terminated by 
RESET. 


DESTINATION $ |) 


X |X 


R11— Bank Access Command (Bank Pair AB) x 
R12— Bank Access Command (Bank Pair CA) x 


( 

( 

(Bank A) x | x 
( 


Bank Pair BC) | X | x 
a 


R18 — Suppress Left-Rotate® _ x 
R19 —Left-Rotate 1 Place® -_ Tx 
R1A— Left-Rotate 2 Places® x 
R1B —Left-Rotate 3 Places° x 
R1C — Left-Rotate 4 Places® _ oe. 
R1D — Left-Rotate 5 Places® os | | x 
R1E— Left-Rotate 6 Places | Le | X 
x 
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Table 2. Various of Instruction Types 


INSTRUCTION 
TYPE 


gg een mtn me 


MOVE 


DESCRIPTION 


ADD with CARRY 
ADD IMMEDIATE 8 
ADD IMMEDIATE 5 


AND IMMEDIATE 8 
AND IMMEDIATE 5 


Exclusive-OR 
Exclusive-OR IMMEDIATE 8 
Exclusive-OR IMMEDIATE 5 


Transmit IMMEDIATE 8 
Transmit IMMEDIATE 5 


RETURN IF SI=0 
RETURN IF SI=1 
RETURN IF CARRY =0 
RETURN IF CARRY = 1 
RETURN IF ALU =0 
RETURN IF ALU #0 

POP STACK and JUMP 
RETURN 

RETURN and CLEAR CARRY 
RETURN and SET CARRY 


JUMP IF SI=0 
JUMP IF Si =1 
JUMP. IF CARRY = 0 
JUMP IF CARRY = 1 
JUMP IF ALU =0 
JUMP IF ALU #0 
JUMP to SUBROUTINE 
+ JUMP 


| RETURN 


JUMP 
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Instruction Set Overview: The 8X401_ in- 
struction set is summarized in Table 2. Sub- 
sets of each instruction type are grouped 
together showing the variations of each in- 
struction type. The hardware and software 
descriptions can be found in the data opera- 
tions section. 
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Table 3. 8X401 Instruction Formats Table 4. I/O Acess Register 


INPUT OUTPUT 
nEGister BANK BANK 


A&B 


1. Format for the MOVE, ADD, XOR, and ADD with Carry Instructions: 


opcone| | source | |esrinarion 


2. Format for the XMIT 8 and ADD immediate 8 Instruction: 


OPCODE DESTINATION | DATA8 


3. Format for the XMIT 5 and ADD Immediate 5 Instruction: 


4. Format for the AND Immediate 8, and XOR Immediate 8 Instruction: 


opcoor| | source | oatas 


5. Format for the AND Immediate 5 and XOR Immediate 5 Instruction: 


6. Format for the JUMP, Subroutine Jump, Conditional Jump, and Conditional 
Return Instruction: 


OPCODE ox ADDRESS 


7. Format for the Unconditional Return, Return and Set Carry, and Return and Clear 
Carry Instruction: 


OPCQDE 


as iNPUT ee OUTPUT PHASE aed 
| 1st | 2nd | 3rd | 4th _| 
QUARTER QUARTER QUARTER QUARTER 


INPUT INSTRUC- GENERATE NEW PROCESS DATA LATCH VO ENA- 
TION, DECODE AODRESS FOR THRU ALU, GEN- BLING ADDRESS 
INSTRUCTION, NEXT INSTRUC- ERATE SIGNALS, OR I/O DATA INTO 


AND iF TION, LATCH AND AND SETUP VO SELECTED 
REQUIRED, PROCESS INPUT DATA FOR OUT- PERIPHERALS. 


FETCH NEW DATA. PUT. STACK PC UPDATED. 
DATA. OPERATION 

(EITHER PUSH, 

POP, OR NOP). 


~ LL 
|v — 


TATE) 


WF 15240S 


Figure 1. Instruction Cycle and MCLK with: Clock Input = 26.67MHz and Cycle Time = 150ns 
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DATA OPERATIONS OF THE 8X401 (See Tables 2 and 3) 


MOVE, ADD, AND, XOR, ADD with CARRY 


RO-R17 as specified by Right rotate as specified Perform appropriate ALU Left-rotate and mask as RO-R17 as specified by 


"S$" field of instruction. by ''R'' fieid of instruction. operation. (Note 1) specified by the ''R'' and the "Destination" field of 
"L" fields of instruction. instruction. (Notes 2 & 3) 


MOVE, ADD, AND, XOR, ADD with CARRY (Using left-rotate override R18 —- R1F) 


SOURCE PRE-ALU POST-ALU DESTINATION 


RO-R17 as specified by Right-rotate as specified Perform appropriate ALU Left-rotate and mask as When R18-RIiF are 


"S" field of instruction. by ''R'' field of instruction. operation. (Note 1) specified by the ''D'' and specified in the ''D'' field, 
, "L'" fields of instruction. data is returned to the 
(Note 4) address specified in the 
"Source" field. 


XMIT 8 (XT8), ADD IMMMEDIATE 8 (AD8), AND IMMEDIATE 8 (AN8), XOR IMMEDIATE 8 (XR8) 


PRE-ALU POST-ALU DESTINATION 


Perform appropriate ALU Mask as specified by the XT8, AD8: Results are 
operation. (Note 5) "L" field. sent to register/address, 
starting from LSB, 


Oné to eight bit constants 
from data field of 
instruction and register/ 


address specified by either 
the source or destination 
field. - 


specified by the destination 
field of the instruction 
word, 

AN8, XR8: Results are sent 
to RF, starting from LSB. 


XMIT 5 (XT5), ADD IMMMEDIATE 5 (AD5), AND IMMEDIATE 5 (AN5), XOR IMMEDIATE 5 (XR5) 


SOURCE PRE-ALU POST-ALU DESTINATION 


One to five bit constants Right-rotate as specified Left-rotate and mask as XT5, ADS5: Subfield is 
from data field of by "R" field, the data specified by the "'R'’ and merged into register/ 
instruction and register/ defined in either the "L" fields. address specified by 
address specified by either source or destination field. destination field. LSB of 
the source or destination. data field is sent to bit 
position of destination 
defined by ''R'’ field. 

AN5, XR5: Subfield is 
merged into register/ 
address specified by 
source field. The ''R" field 
specifies the LSB position 
of source and RF. Results 
are returned to RF. 


Perform appropriate ALU 
operation. (Note 6) 


ALL CONDITIONAL AND UNCONDITIONAL RETURNS 


ADDRESS REGISTER (AR) 


Conditional Returns: !f condition is true. 
AR = address from top of stack, else load address from 
instruction word. 

Unconditional Returns: AR = address from top of 
stack. 


PROGRAM COUNTER (PC) 


PC = AR. 


ALL CONDITIONAL JUMPS, POP STACK AND JUMP (PSJ), and JUMP (JMP) 


ADDRESS REGISTER PROGRAM COUNTER 


Conditional Returns: If condition is true: 
POP stack, else NOP. 
Unconditional Returns: POP stack. 


Conditional Jumps: If condition is true. PC = AR. Conditional Jumps: NOP. 
AR = instruction word address, else AR = PC + 1. PSJ: POP stack. 
PSJ and JMP: AR = instruction word address. JMP: NOP. 
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DATA OPERATIONS OF THE 8X401 (CONTINUED) 
CALL (JSR), INTERRUPT (INT), NON-MASKABLE INTERRUPT (NMI) 


ADDRESS REGISTER PROGRAM COUNTER 


JSR: AR = instruction address. PUSH PC + 1. (Note 6) PC = AR. 
INT: AR = address 2. 
NMI: AR = address 1. 


XEC 
ADDRESS REGISTER PROGRAM COUNTER 
Right-most L bits of RB merged into corresponding bits PC not updated. 
a ee 


NOTES: 
1. ALU Descriptions: 
MOVE: * No operation 
ADD: * Source data ADDed to contents of auxiliary register (RO- AUX). Carry bit set if carry is generated at MSB of selected data field. 
NZ status bit set if specified bits are not zero after ALU add. 
AND: * Source data ANDed to contents of AUX register. NZ status bit updated accordingly. 
XOR: - Source data Exclusive-ORed with contents of AUX register. NZ status bit set accordingly. 
ADD with CARRY: + Sum is formed from source data. AUX register, and carry bit (register 10, bit 0). Carry and NZ status bits are set when 
appropriate. 


2. Left-rotate is suppressed when destination is RO (AUX). . 

3. When address registers RC, RD and RE are specified in the destination, source data will also go out on banks A, B, C, respectively. The L-field 
should be zero (a full 8-bit operation) to ensure duplication of the two outputs. 

4. A left-rotate of 0-7 bits will correspond to R18-—RI1F as specified in the ''Destination’ field of instruction word. 

5. ALU Descriptions: 

XMIT: ‘ Input constants from the instruction word to specified destination. NZ flag is not updated when an XMIT is performed: however, 
NZ can be written to by an XMIT if R17 bit 1 is within the destination field. 

ADD IMMEDIATE: - Instruction word data is ADDed to data specified by destination fied. The carry bit is set if a carry is generated at the MSB of 
the selected data field. NZ status bit is updated to reflect the value of ''L'' bits of data after the addition. 

AND IMMEDIATE: * Instruction word data is ANDed to data specified by source field. Returning the destination data to RF allows the operation to 
be performed without destroying the original data field. This will facilitate testing of data for certain pre-defined values while still 
preserving the original data for other uses. NZ status bit updated accordingly. Unspecified bits in RF remain unchanged. 

XOR IMMEDIATE: + Same as AND IMMEDIATE, except the logical operation performed is Exclusive-OR. 

6. Note that the stack operation is show before the PC in the CALL and INTERRUPT formats. This is because the stack is actually in operation in 
cycle 3, and the PC is updated in cycle 4 (see Figure 1). In fact, for the Call (JSR) instruction and interrupt servicing, cycle order is important for 
the user to understand the current status of the PC. The other instructions are in reverse order for visual simplicity in keeping with block diagram 
flow, and cycle order is irrelevant. 


‘The RESET VECTOR, LOCATED AT ADDRESS 0, WILL BE 
AN UNCONDITIONAL JUMP TO THE BEGINNING OF THE 
MAIN PROGRAM. 


THE NON-MASKABLE INTERRUPT (NMI) VECTOR, 
INTERRUPT LOCATED AT ADDRESS 1, IS A JUMP TO THE NMI SERV- 
SERVICE ROUTINE SERVICE ROUTINE. 


LOCATED AT ADDRESS 2 IS THE ROUTINE THAT 


SERVICES INTERRUPT (I - 
NMI SERVICE Oo 


ROUTINE 


AFO3650S 


Figure 2. Typical 8X401 System Memory Map 
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Thermal Junction Temperature 
vs Airflow 

The ceramic package used for the 8X401 has 
no heat sink and a 6, rating of 30.5°C/W in’ 
still air. Currently, to ensure operation at 
150ns, the junction temperature of the de- 
vices must be kept below 115°C. The maxi- 
mum power dissipation at that junction tem- 
perature will be 2.4W so that airflow will be 
required for full commercial range operation. 
The 6, versus Airflow curve is drawn here: 


31 
30 
29 

28 
27 
26 2 
25 
24 
23 
22 


eeoese8 


0 100 200 300 400 500 600 $700 800 
AIRFLOW (LINEAR FEET PER MINUTE) 


OP03880S 


DC ELECTRICAL CHARACTERISTICS Commercial Part 4.75V <Voc <5.25V, 0°C <Ta <70°C! 


LIMITS 
PARAMETER UNIT COMMENTS 


ec _| Sie votase 
ct 

cae roa Tv _ 
bd 


TEST CONDITIONS 


ee 
V 
V 


Cc 
H 
L F 
Voce = Min, lon =-3mMA 
H High level output voltage 
C 
Ss 
C ; 


| Voc = Min, lon = -400yuA 


Voc = Min, lo, = 16mA 


Voc = Min, lo, = 8MA 


< 
a] 


y | DAO through BA7, MCLK, 
RWC, SC, WC, A, B, C 


VoL | Low tevel output voltage : 


ie 
CY, IR 

ia ee 
are Pi tear ace 


Bee 
| 500 | 


Low level input current 


| Voc = Max, V; = 0.4V 
Off-state output current, 


high. level voltage applied — Voc = Max, Vo = 2.7V 


Cc 
] 
O 
Input clamp voltage Voc = Min, ly =-10mA 
hy High level input current Voc = Max, V| = 2.7 
Ne = 0. 
| Off-state output current _ 
low level voltage applied Veo Max Mornay 
Short circuit output cur- 
| 500 Ta = 0°C; Cold start? 
Ic Supply Current Voc = Max ; 


Ty = 115°C | 
NOTES: 


1. 64 Pin CDIP, Airflow required for full Commercial operation. (A plastic 64 Pin DIP with internal heat sink is currently under development which will not 
have this requirement.) See above for thermal characteristics. 

2. Not mote than one output should be tested at a time. 

3. Guaranteed by Correlation to loc measured at 25°C. 


DAO through DA7 
pm} 


ie) N 
oO on 
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AC ELECTRICAL CHARACTERISTICS (Voc =5V +5%, 0°C <Ta <70°C)! 


PARAMETER 
anes min | Typ | 


tpc Processor cycle time 


Clock pulse period 


Clock pulse high time 1 
Clock pulse low time 1 


SYMBOL 


ae 
| ons | See Note 2 


aes 
ae 
cee 
ae 
ae 
as 


T3Q + T4Q 
+5 


tMcL CP1 to MCLK low 
tMicH CP4 to MCLK high 


tcp 
tcH 
to 
tw 


5 
5 
MCLK pulse width 25 31 
tRwcL CP1 to RWC low 


CP3 to RWC high 


tRWCH 


T3Q + T4Q 


trawcow RWC pulse width 


ae 


T1Q + T2Q 
+ 20 


tas CP2 to address stable 


twas MCLK to address stable 
tis Instruction setup to CP1 


tis Instruction setup to MCLK 
tiy Instruction hold from CP2 
tM Instruction hold from MLCK 


tscu CP3 to SC rising edge 


o 

oO 

“Nl 
a 


NO 
Oo 


ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


25 
25 


tmScH MCLK to SC rising edge 


twCH CP3 to WC rising edge 


T1Q + T2Q 


MCLK to WC rising edge +20 


tmMWCH 


CP1 to SC/WC falling edge 


tMwe MCLK to SC/WC falling edge 


CP1 to input phase bank signal 
falling edge 


MCLK to input phase bank signal 
falling edge 


~ 
2) 


eyelet elle 
| 


CP3 to input phase bank signal 
rising edge 


t MCLK to input phase bank signal 
ves rising edge 


_ CP3 to output phase bank signal 
falling edge 


a) 


T1Q + T2Q 
+ 20 


ice] 
ol 


toBsL 


— 
o1 
jo) 


T1Q + T2Q 
+ 30 


t MCLK to output phase bank signal 
MOBSL falling edge 


t CP1 to output phase bank signal 
oesH rising edge 

t MCLK to output phase bank signal 
MOBSH rising edge 


tips Input data setup to CP3 


tmips Input data setup to MCLK 
tipH Input data hold from CP3 


Input data hold from MCLK 


ns 


TP 
ae 


S 
(2) 


e. 
-50 
28 
- T1Q + T2Q 


tMIDH +3 


nn 


topH Output data hold from CP1 


tmMoDH Output data hold from MCLK 


25 


— | 

jo) 
pe) 
Oo 


i 3 | 
: + on i¥2) 


ath 

25-T1Q 
mes 
a 
= 
= 


< 

7) 

< 

@ 
© 
© 
Oo 
o 
o 
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AC ELECTRICAL CHARACTERISTICS (CONTINUED) (Vcc = 5V +5%, 0°C <Ta <70°C)' 


SYMBOL PARAMETER. 

tops. | CP3 to output data stable 

tmops MCLK to output data stable 

SC/WC rising edge to output driver 

DI turn on 

tus Halt setup to CP2 

tMHS Halt setup to MCLK 

tu ‘Halt hold from CP2 

tMHH Halt hoid from MCLK 

tsis Status input setup to CP1 

tusis Status input setup to MCLK 

tsi4 : Status input hold from CP1 

tusi4. ss |.-: Status input hoid from MCLK 

tscrs SCR setup to CP1 

tyscrs | SCR setup to MCLK 

tscRH | SCR hold from CP2 (Slow CP2) 
~ tugorH | SCR hold from MCLK 


fn cent rene FA ae Ne TEARS en tN 


INT setup to CP1 

INT setup to MCLK 
INT hold from CP1 
INT hold from MCLK 
CP4 to CY update 
MCLK to CY update 
CP4 to NZ update 
MCLK to NZ update __ 
CP4 to IR update 
MCLK to IR update 
CP4 to PS update 
MCLK to PS update 
Program memory access time 


1/O port output enable time 


Reset pulse width 
NMI pulse width 
NMI setup to CP2 
NMI setup to MCLK 


tMNMIS 


NOTES: | 


| 
ati DE Je 
io) 


Z 


~alaoni 
a 


1°32) 


(address stable to valid instruction) 


(bank signal to valid data on bus) 


150ns CYCLE > 150ns CYCLE 


Typ 


UNIT | COMMENTS 


= 
iY) 
Bu 


T1Q + T2Q 


120 + 45 


3 
n 


ob 


~ 
w” 


-10 


~ 
on 


T1Q + 22 


ion) 
eis 


> 
io) 


S 
”n 


a 


See Diagram 


We) ye) 


pare 
io) 
< 
3S 


for CP2 
Slow T1Q 


ide) 


STIQ-12 


So 


2 


3;5;,5 
nj, ni o 


3 

® 17) 
= 
wo 


t 
= 
oO 


ns 
28 - T4Q ns 

ns 
33 -T4Q ns 


, i 
anny 
oO O 


~“ 
[@a) 


58-14 


O 


ns 


1 
ND Llolnr 


3 
is) 


28 - T4Q ns 


T2Q + T3Q 
+ T4Q ~52 


T1Q + T2Q| 


‘ - 51 


n 
tpc 


See Note 5 
ns See Note 5 


ns 


ont 
co 


1. Inputs swing between OV and 3V. All outputs are measured at 1.5V with loading as specified in the test circuits. 

2. CP1, CP2, CP3, and CP4 refer to the clock pulse that causes the first, second, third, and fourth 8X401 quarter cycles, respectively. Parameters 
referenced to MCLK, CPi, CP2, CP3, and CP4 are measured to the falling edge of those signals. T1Q, T2Q, T3Q, and T4Q represent time intervals 
for the first, second, third, and fourth 8X401 quarter cycles, respectively. Duty cycle can be from 40% to 60%. 


3. Instructions must be setup before CP1. 


4. tw. represents tgo. and two. tmwi represents tysc. and tywct. 


5. This guarantees NMI is serviced in the current cycle. 
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TEST CIRCUIT 


Vi_=2.3 VL=2.1V 
Ri RI 
2260 1009 
OUTPUT OUTPUT 
UNDER UNDER 
TEST TEST 
50 pF 


Tes 


TC11240S TEM 200s 


a 


MAIN TIMING DIAGRAM 


CP1 CP2 CP3 CP4 iT CP2 CP3 CP4 — _ ie ce oT - a 
| | | | | | | 


CP 


MCLK 


ADDRESS 
(A12-A0) 


x ae, | ! ! tace | a ‘ ! ! 


| 
/-— tuscn f— tse \ 
i 


! 
: I 
i 


__OA BUS 
(OA7-DAO) 


THE 3 CYCLES REPRESENT THE FOLLOWING INSTRUCTIONS: 

-—- TRANSMIT IMMEDIATE ADDRESS TO BANK B (SELECT A PORT ON BANK B) 
~ MOVE BANK A DATA TO BANK B 

-—~ ADO IMMEDIATE DATA TO BANK A 


WF15250S 
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TIMING SUPPLEMENT: STATUS 


CP3 


WF15260S 


rere nereenttntnraretasti tetseneahettne tenner Pan ee nanan ne re mre 


TIMING SUPPLEMENT: RESET 


RESET RWC pr eee 
ASSERTED a | 


RESET = 


ADDRESS 


CP1 CP2 CP3 CP4 CP1 CP2 CP3 CP4 CPi 


cp 


EXECUTING INSTRUCTION 
AT ADDRESS 0. | 


mCLK 


‘RESET 
RELEASED said 


WF 15270S 


ne NNT ETE A RONEN AN A RATES CRE te AE ARE RA A tN ener rete eet err ren eur At TEEN APA RA A RA 
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TIMING SUPPLEMENT: HALT 


CP3 CP4 CP1 CP2 CP3 CP4 CP1 CP2 CP3 CP4 CP1 


| |-_-——____—__— sxaor HALTE 
MCLK r—N r—N\ = 


—-| tus | -—— tai 
ws —| SS 
A ee Ne Nf eT 


CP2 


WF15280S 


TIMING SUPPLEMENT: INT 


CP1 CP2 CP3 CP4 CP1 CP2 CP3 CP4 CP1 CP2 CP3 CP4 cP1 
CP 
| DUMMY FIRST INSTRUCTION OF 
INSTRUCTION CYCLE INTERRUPT SERVICE ROUTINE 
MCLK | ADDRESS 2 
tiwtH 
twints 
tints twintH 
iNT 
ADDRESS OF INSTRUCTION NOT _ — 
IR 


WF15290S 
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TIMING SUPPLEMENT: NMI 


CP1 CP2 CP3 CP4 CP4 CP1 CP2 CP3 CP4 CP1 


DUMMY INSTRUCTION AT NMI 
INSTRUCTION CYCLE VECTOR, ADDRESS 0001 


ADDRESS OF INSTRUCTION NOI , 


WF 15300S 


CP2 CP3 CP4 CPI 


SC OR WC 


WF15310S 
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DESCRIPTION FEATURES PIN CONFIGURATION 
The 8X450 is a 256-byte RAM designed e¢ 256-byte RAM 
primarily as a working storage element e Two modes of operation 
for 8X305 based systems. The 8X450 , Paged RAM capability 
can be used as a dedicated RAM or in ; 

e On-chip address latches 


groups of RAMs to form a customized ‘ ; 
memory stack. e Directly bus compatible with the 


8X305 microcontroller 
e 24-pin slim line package 
e Single + 5-voit supply 


8X450 RAM 


ORDERING INFORMATION 


DESCRIPTION ORDER CODE 
24-Pin Ceramic DIP 400 Mil Wide N8X4501 


TOP VIEW 
CD102108 


8X450 BLOCK DIAGRAM 


ROW SELECT 
DECODERS/DRIVERS 
(1 OF 32) 


ADDRESS 
BUFFERS/ 
LATCHES 2048-BiT OUTPUT 
MEMORY BUFFERS 
(32 x 64 INPUT 
MATRIX) RECEIVERS 


WE OE 
COLUMN SELECT 
DECODERS/DRIVERS 
(1 OF 8) 


BD033971S 
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FUNCTIONAL OPERATION 

The 8X450 can be used in either of two 
operating modes — conventional DA select 
or fast select. Each mode supports either 
single or multiple RAM applications. The 
mode of operation is selected by the MS pin. 


Conventional DA Select (MS = 1) 
When MS is tied high, the conventional DA 
addressing mode is selected; in this mode, 
the 8X450 data and address lines are tied 
together. For applications that use a single 
RAM, the chip select (CS) input is grounded. 
To prevent bus contention in applications that 
use multiple RAMs, the CS input is driven by 
an external source. Examples of both config- 
urations (single and multiple RAMs) are 
shown in the Application Diagrams at the rear 
of this data sheet. Control signals and operat- 
ing conditions for conventional DA address- 
ing are summarized in Table 1. 


Fast Select Operations (MS = 0) 
When MS is tied low, the fast select address- 
ing mode is invoked; in this mode, the 8X450 
address lines are driven by an external 
source and the 8X450 data lines are tied to 
the 8X305 IV bus. The CS input is treated 
exactly the same as in conventional DA 
addressing; examples of single and multiple 
RAM configurations are shown at the rear of 
this data sheet. Control signals and operating 
conditions for fast select addressing are sum- 
marized in Table 2. 


November 1985 
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8X450 


PIN CONFIGURATION AND DECRIPTIONS 


[eww | wewnnen [runerow 
E 
we 
ano 


FUNCTION 


NOTES: 


1. Other states are not generated by the 8X305 and are not defined for operation in this mode. 
2. Table 1 is valid only if the chip select (CS) is low; if CS is high, the 8X450 is disabled. 


Table 2. Fast Select (MS = 0) 


Xx 1 1 Write address to RAM 
a a 0 Write data to RAM 


NOTES: 


1. Other states are not generated by the 8X305 and are not defined for operation in this mode. 
2. Table 2 is valid only if the chip select (CS) is low. If CS is high, the 8X450 is disabled. 
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SINGLE RAM CONFIGURATION (CONVENTIONAL DA SELECT) 


100502006500 0:00:00. 0. PU GUM eer eer ere O04 
SOS RRO OK RD 2525 


ee 
PKG ce 
ADDRESS . 
,__ Bus 1 El oy Bs 
es ot — > q he e-ee'e% 
RSE SSS IVO-IV7 KRSRRSESRE SEE 07-00 —_A7-A0 KRSSRpE SY 
: 
INSTRUCTION Sc Pee Sc 
BUS 


LED 8Xx305 WC Wc 8x450 MSI 


MY, 
WE cs] 


BD03401S 


ERT ONO OOOO NO lee OI 

Mrerererarerererareretererecececerererecereretererecneereutntetetgtyeet 
ADDRESS Br eS a etatatatatalataratane ween 
" 

RE oe ‘ee 

BUS — x 


CESS 


' iho-e-0:0:'0ee 
‘Sarsweee. 
AT-A0 RSS 


INSTRUCTION | 
BUS 


FAST SELECT | 
BITS f 


¢, 
RSP 
Mt, 
RPO 


f Sete 
V Savors atet 
BSN 
saseiaataras ones 


Bee 


ysrk) 
SOL 

Oe | 

Boy? 4" 


Bs D7-DoO A7-AO RORex 
>} SC 


sc 
jweo 8X470 
4 MCLK » Vcc 


> ME 


BDO3417S 
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SINGLE RAM CONFIGURATION (FAST SELECT) 


ADDRESS 
BUS 


6,0: 0,0, 0,059: 0 00-60" H 
IVO-1V7 RRs 


INSTRUCTION 
BUS 


FAST SELECT 
BITS 


BD03421S 


MULTIPLE RAM CONFIGURATION (FAST SELECT) 


“0°0.6:4°¢) +: 0. 4;4.0 6164-6: R52 Boe a eaheN BOO ero BORO & rt SO POO) 
eee ceceeneceteceres ROKK RO 
6 % 


pe ee 

DO” <x) 
ter. <0,0F 
ROO Ry 


8X470 ff 8x470 | 
11/0 PORTE | 1/0 PORT 


ADDRESS 


« BUS > Freese 
= Fo Pepesremet Ns COUNTER LOAD 
CESS SETS D7-D0 = A7-AO| EXTERNAL 
= pot y cP 
$8 a ee CLOCK 
;*° : 7 
8X450 = 
: bse we 10F 4 
| INSTRUCTION | se | ae | DECODER 
LLL : MCLK | 
peste O7-D0 A7-A0 | 
Saye 
sc 
uo wc 
WME 
es 
‘set 
Best 0.00.08 : 
ROOT B7-D0 A7-A0 
sc 
‘> 
eM 
i 
o oy WC 
a: 
KX] 5 
Bo 
ss 
Ks % 
. D7-D0 A7-A0 & 
sc 
BWC 
| ME 
BDO3431S 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
Power supply voltage +7 


Vcc 
VIN Input voltage 
Ts1G 


| Storage temperature range 


~65°16 +150 °C 


DC ELECTRICAL CHARACTERISTICS (Voc = 5V +5%, 0°C <Ta <70°C) 


SYMBOL PARAMETER TEST CONDITIONS 


Supply voltage 
Low level input voltage 
High level input voltage 
Low level output voltage 
High level output voltage Vcc = Min, lon =-3MA 
Voc = Min, lin =-10mA 

Voc = Max, V| = 0.4V 


Input clamp voltage 


Low level input current 


NH High level input current Voc = Max, V) = 2.7V 

lozt High-Z output current (Low Level) Voc = Max, Vo = 0.4V 
High-Z output current (High Level) Voc = Max, Vo = 2.7V 

los Short circuit output current Voc = Max + 0.5, Vo = 0.5V 


loc Supply current Voc = Max 


NOTE: 
*Not more than one output should be tested at a time. 
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UNIT 


Typ 
5.00 5.25 


4.75 
2.0 


I 
o 
‘SN 
c=, 
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ine) 
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BB 
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AC ELECTRICAL CHARACTERISTICS (Voc =5V +5%, 0°C <Ta < 70°C) 


REFERENCES 


LIMITS 
TEST CONDITIONS UNIT 
a [ 


SYMBOL PARAMETER 


ba | 
= 
°) 
i 


Pulse Widths 


ie MCLK pulse width f MCLK 4 MCLK 35 


Setup Times 


Setup time for CS CS T MCLK 


| 

7 8 
=| 
a 


- 
io) 
9) 
174] 


— 
= 
OQ 
~~ 
A 


Setup time for SC 
tswe Setup time for WC 


Setup time for ME 


-« ee 
g |Z |g 
m @) 


| >| 3] 
OOo 

413/818 

—_ 

= 

QO 

= 

A 

ala 
9) 


fone Setup time for address | A7-AO ? MCLK 

tsp Setup time for data DA Bus f MCLK ns 
Active 

Hold Times 


tucs? Hold time for CS 4 MCLK 


fae Hold time for address 4 MCLK 

tip 4 MCLK DA Bus Tri-Stated 

Enable Times 

DA Bus Active 
Enable time for ME DA Bus Active 
Enable time for SC dsc DA Bus Active 
Enable time for WC DA Bus Active 


—_ 


3 ~ 
77) (77) 


=] 
i) 


ME, SC, WC, MCLK = Low 30 


" ns 

S, SC, WC, MCLK = Low 30 | ns 
, WC, MCLK = Low 30 ns | 
GS, ME. SC, MCLK = Low hoe | 30 | ns | 


Disable Times 


>| | -> — <-| < 
o|s =i oO 
=|8is = m| 


Disable time for CS tcS =| DA Bus Tri-Stated | ME, SC, WC, MCLK=Low 40 | ns 

tosc Disable time for SC DA Bus Tri-Stated CS, ME, WC, MCLK = Low ns” 
| towc | Disable time for WC DA Bus Tri-Stated | CS, ME, SC, MCLK=Low ns 
NOTES: 


1. All inputs swing between OV and 3V. 
2. All outputs are measured at 1.5V with loading specified in TEST CIRCUIT. 
3.CS must be active for at least one complete 8X305 instruction cycle. 
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8X450 TIMING 


tso—> j= tho 


D7-D0 


WF16240S 


ENABLE AND DISABLE TIMING DIAGRAM 


CS, ME, SC OR WC 
f 
| 


7 tecs —+} — tocs ee 
jae = = tome pes 
= tesc = a tosc —| 
= tewc = ae a 


WF 16250S 


TEST CIRCUIT 


OUTPUT 


UNDER 2.1V 
TEST 


a 100pF* 


TCO11260S 


NOTE: 
*Includes test fixture capacitance. 
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DESCRIPTION 

The 8X470 I/O Port (Figure 1) is a fuse- 
programmable device designed to inter- 
face a user system with a Signetics 
8X401 Microcontroller. The 8X470 has 
three internal registers — a data register 
and two status registers. The data regis- 
ter is shared between the two systems, 
while each system has its own dedicated 
status register. The 8X470 can be pro- 
grammed to provide a bidirectional or 
unidirectional user interface with the 
user data entry being either synchronous 
or asynchronous with the 8X401. 


STATUS 
ADORESS 


8X470 
1/O Port 


Product Specification 


FEATURES 
e Two independent 8-bit busses 


e Fast polling 


e Directly bus-compatible with the 
8X401, 8X305 Microcontrollers 


e 256 Data Addresses 


e Separate Controller and User 
status registers 


e 16 Status Addresses 


e Positionable Controller Status 
Register output 

e Bidirectional or unidirectional 1/O 
capability 

e Synchronous or asynchronous 
user data entry 


e Conventional DA or Fast select 
addressing techniques 


e 24-pin slimline package 
e Single +5V supply 


SIGNAL DESCRIPTION 


‘B.D.F. = BIT DIRECTION FUSE 
F.B.S. = FUSE BANK SELECT 
FS. = FAST SELECT 


April 1986 


1.1.C. = BUFFERED IC 
P.A.B. = PORT ADDRESS BIT 
P.O.F. = PORT DIRECTION FUSE 


Figure 1. 8X470 Block Diagram 
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PIN CONFIGURATION 


TOP VIEW 


CDO09630S 


S.A.B. = STATUS ADDRESS BIT 
$.B.P.F. = STATUS BIT POSITION FUSE 
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A 
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IDENTIFIER 
UDO - UD7 


1-8 


bus. 
GND 
MCLK 


op) 
of 


— 
ao 


FUNCTION 
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8X470 


User port data lines. Active high 


OC Output Control: An active low signal which controls reading into the I/O port from the UD bus 


Master Enable: The ME pin depends upon the addressing mode for its function. 
Conventional DA select: ME is an active low signal which allows read or write or address operations 
from the DA bus. 
Fast select: ME is an active high signal which allows the controller status register to be read on the DA 


Select Command: The SC pin depends upon the addressing mode for its function. 
Conventional DA select: An active high signal which compares the 8X401 DA bus and the address. 
An address match selects the 8X470. 
Fast select: SC is an active high signal which outputs the contents of the data register on the DA bus 
while clearing the control status register. 


Input Control: An active low signal which controls writing into the I/O port from the UD bus. 


Master Clock: Input from the 8X401. 


WC Write Command: An active high signal which controls the writing of data into the I/O port from the 8X401 
DA bus. 


16 - 23 


Le) 
£ 


Voc 


=k [ok | oe ren eee 
& }| Gt Pm — | © 
Zz 


In a typical system configuration (Figure 2), 
the 8X470 connects to the 8X401 Microcon- 
troller via the Data/Address (DA) bus; the 
8X470 is linked to the user system via the 
User Data (UD) bus. To facilitate interbus 
communications and to implement handshak- 
ing operations, a dedicated status register is 
assigned to each bus. The status registers 
can be polled at full speed to optimize 
throughput and to prevent errors in data 
transmissions. The 8X470 can be addressed 
from the DA bus in either of two ways — by 
the conventional microcontroller software-se- 
lect cycle or by fast select methods. 


DA BUS INTERFACE 

The 8X470 interfaces to the 8X401 Microcon- 
troller through an 8-bit inverted three-state 
Data/Address (DA) bus and four control sig- 
nals (SC, WC, ME and MCLKk). The status 
registers are accessible through the DA bus 


ADDRESS BUS 


INSTRUCTION BUS 
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interface. For conventional select operation, 
both the data and controller status register 
addresses can be fuse programmed. Also, 
the controller status can be programmed to 
appear at any or all DA bit locations. For time 
critical operations, the 8X470 can be fuse 
programmed for fast select operations. 


UD BUS INTERFACE 

The 8X470 interfaces to a user system 
through an 8-bit UD bus and two control 
signals (IC and OC). If the user and the 8X401 
attempt to input data to the I/O port at the 
same time, the user will have priority. Both 
the data register and the user status register 
are accessible through the UD bus interface. 
The 8X470 UD interface can be fuse pro- 
grammed for synchronous or asynchronous 
data entry. 


Figure 2. Typical System Configuration 
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A7 - DAO Controller Data/Address (DA) lines. Active low. 


+5V power supply. 


Data Entry 

Data entry into the 8X470 from the user bus 
can be fuse programmed to be either syn- 
chronous or asynchronous. Synchronous 
data input to the data latches occurs when 
MCLK is high. Asynchronous data input is 
independent of MCLK. For further details, see 
the IC fuse bank section. 


MODE A 

The user data lines are bidirectional or input 
only. See the IC and SC fuse bank sections 
for further details. 


MODE B 

The user data lines are output or input only. 
See the IC and SC fuse bank sections for 
further details. 


STATUS REGISTERS 

The 8X470 has two status registers; the User 
and Controller status registers. These regis- 
ters can be used for handshaking between 
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the 8X401 and the User Data Bus. A register 
is set by a write from one bus and cleared by 
reading the data register from the opposite 
bus.” 


User Status Register 

The User Status register is set by any write 
from the DA bus and cleared by reading the 
data register from the UD bus. The user 
status register is available on UD7 only. The 
output of the user status is controlled by IC 
and OC user port control lines. See the IC 
bank for further details. 


Controller Status Register 

The Controller Status register is set by any 
write from the UD bus and cleared by reading 
the data register from the DA bus. The 
Controller Status register can be accessed by 
either a fast select or a conventional DA 
select. For conventional select methods, the 
controller status register address can be fuse 
programmed to be any one of the addresses 
FO-—FF4ig. Tne programming of this address 
is discussed in the ME and IC fuse bank 
sections. The Controller Status register can 
also be programmed to appear at any or all 
DA bit locations, enhancing the polling pro- 
cess of multiple 8X470 I/O ports. 
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POLLING 

The Controller Status register address and 
output location can be fuse programmed to 
allow multiple 8X470 I/O ports to be polled in 
a single cycle. The 8X470 !/O ports to be 
polled are programmed with a common Con- 
troller Status address, with each status regis- 
ter output available on a different DA line to 
prevent a bus contention. The 8X401 Micro- 
controller can poll a maximum of eight 8X470 
I/O ports in a single cycle, obtaining up to 
eight bits of status information. The 8X401 
Microcontroller's subfield manipulation capa- 
bility can then be used to isolate a single 
8X470 status bit, simplifying the polling proce- 
dure and improving the overall system 
throughput. Figure 3 shows a typical configu- 
ration of eight 8X470 !/O ports polled in a 
single cycle. 


ADDRESSING MODES 
The 8X470 can be addressed by a microcon- 
troller through either Fast Select or Conven- 
tional DA select techniques. 


Conventional DA Select 
The 8X470 must be preselected through a 
conventional DA select cycle before either 
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the data or status registers can be accessed 
by a Microcontroller. During a conventional 
DA select cycle, the 8X470 compares the 
address on the DA bus to the data and status 
addresses. If either address matches the DA 
address, the appropriate 8X470 latch is set, 
enabling the port for a data transfer or a 
polling cycle. Table 1 shows the conventional 
select operation of the 8X470 DA interface. 


Fast Select 

A fast select cycle is ideal for time critical 
applications which require port selection and 
data transfer in a single clock cycle. Addition- 
al bits in the 8X401 instruction word are used 
to execute a fast select cycle. It should be 
noted that the 8X470 SC input is not driven by 
the 8X401 SC output and could introduce a 
minor operational limitation. For an |/O ad- 
dress select instruction, the 8X401 will output 
a DA address and assert SC. However, a fast 
select configured 8X470 will also drive the DA 
bus, and a bus contention will result. To avoid 
this contention, the 8X470 should not be fast 
selected during any !/O address select in- 
struction. Figure 4 shows a typical fast select 
configuration. Table 2 shows the fast select 
operation of the 8X470 DA bus interface 
operation. 


BD02850S 


Signetics Microprocessor Products Product Specification 


I/O Port | 8X470 


Table 1. Conventional DA Operation | Fuses 
The 8X470 has four programmable fuse 
banks, namely the SC, WC, ME and IC banks. 
Each bank is selected by its namesake pin, 
Output data, clear CONTROLLER | i.e. the SC pin selects the SC fuse bank, the 
WC pin selects the WC fuse bank, etc. Each 


Input 8X401 data, set USER STATUS | bank has eight fuses, except the IC bank, » 


which only has seven. These fuse banks 
govern different modes of operation, and by 
selecting the appropriate fuse and fuse bank, 
the 8X470 can be configured for the modes 
of operation as mentioned earlier. (See Fig- 
High impedance ure 5 for an illustration of the fuse banks.) 


The mnemonics for the fuses are listed in 
Tabie 3. 


NOTE: 
**If the user and the 8X401 attempt to input data to the |/O port at the same time, the user will 
overwrite the 8X401 (user priority). sc 
wc 
Table 2. Fast Select Operation ME 


Ta is He 


FUNCTION 


Input 8X401 data, set USER STATUS 
Output data, clear CONTROLLER STATUS 


Output CONTROLLER STATUS IC BANK 
Inactive 
; : 

CSA0-CSA3 


: The first four fuses of the IC bank 
Table 3. 8X470 Fuse Mnemonics (UDO -UD3) program the four least signifi- 


cant bits of the Controller Status address 

(CSAO - 3). The four most significant bits of 

the Controller Status address are always a 1. 

An unprogrammed (unblown) CSA fuse is a 

Controller Data Address (CDAO - CDA7) logic 1 from the DA bus, and a programmed 


; blown) CSA fuse is a logic 0 from the DA 
C S7 ( 
coe See bus. The Controller Status register can be 


DF05790S 


Figure 5. Fuse Bank Summary 


Controller Status Address (CSAO - CSA3) assigned any one of the addresses FO — FF 
Fast Select (00 — OF on the DA bus). In an unprogrammed 

os part, the status register will be assigned 
Bidirectional Disable address FO. 


Asynchronous Input 


AODRESS BUS 


KK CWC Ke 


INSTRUCTION BUS 
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Figure 4. Typical Fast Select Configuration 
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Fast Select Fuse 
The Fast select fuse programs the address- 
ing mode; i.e., Fast or Conventional DA se- 
lect. In an unprogrammed part, Conventional 
DA select is selected. 


Bidirectional Disable Fuse 

The bidirectional disable fuse selects either 
Mode A or Mode 8B operation. In an unpro. 
grammed part, Mode A is selected. Modes A 
and B are defined more fully in the SC fuse 
bank. 


Asynchronous Input Fuse 
The asynchronous input fuse selects the user 
data entry mode; synchronous or asynchro- 
nous. In an unprogrammed part, data is 
entered synchronously with MCLK. 


. See Table 4 for a summary of the IC bank. 


SC Bank 

The SC bank has two possible configurations, 
Mode A and Mode B, as selected by the 
bidirectional disable fuse. Mode A allows 
bidirectional and input only UD ports; Mode B 
allows output only and input only UD ports. 
Input only UD ports are output only from the 
DA bus, all other types of UD ports (bidirec- 
tional and output only) are bidirectional from 
the DA bus at the same bit location. (See 
Figure 6.) 


Mode A 

Mode A is selected when the bidirectional 
disable fuse is unblown, configuring the un- 
programmed SC bank for bidirectional opera- 
tions. (See Table 5.) The user would then 
blow the needed input only fuses to disable 
the bidirectional capability of that UD line, 
making it input only. This line is input only 
from the UD bus and output oniy from the DA 
bus. (See Example 1.) Table 6 gives the 
Mode A operation of the 8X470 user inter- 
face. 


Table 5. Mode A Bus Operation 


INPUT ONLY 
FUSE 
Ad he 


UD a DA mye 


Unblown 


| = Input only 
O = Output only 
B = Bidirectional 
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Table 4. IC Fuse Bank Summary 


UD PIN FUNCTION 
Logic 1 from the DA {Logic O from the DA 


Controller Status 


| UD4 [Addressing mode Conventional DA Select 
UD5 Bidirectional disable Mode A Mode B 


BLOWN FUSE 


UNBLOWN FUSE 


Asynchronous 


UD SIDE 


BD02870S 


Figure 6. Port Direction Summary 


Example 1. Mode A Unprogrammed and Programmed Configurations 


Gl Rl S 
noooe 
nooo- 
OOOO» 
oooo0¢ 
onoo00- 
Ooooe 
nooo 
LHIOO~ 
al Bg 8 


Table 6. Mode A Operation (See Note) 


BIDIRECTIONAL INPUT ONLY 


High impedance 


L High impedance (UD7 = Vox) 


H L jInput user data, set controller H | L |Input user data, set controller 
. |Status status 


H | H |High impedance (UD7 = User H | H |High impedance (UD7 = User 
Status) Status) 


High impedance 


NOTE: 
This table should only be used if the bidirectional fuse is unblown. For UD lines where the input only fuse is 
blown, use the input only side; else use the bidirectional side. 
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Mode B 

Mode B is selected when bidirectional disable 
fuse is blown, configuring the unprogrammed 
SC bank for output only operation from the 
UD bus. (See Table 7.) The user would then 
blow the needed input only fuses to disable 
the output only capability of that UD line, 
making it input only. The line is input only 
from the UD bus and output only from the DA 
bus. (See Example 2). Table 8 gives the 
Mode B operation of the 8X470 user inter- 
face. 


Table 7. Mode B Bus Operation 


INPUT ONLY 
FUSE 
ay 


| = Input only 
O = Output only 
B = Bidirectional 


WC Bank 

The WC fuses (CDA0 -CDA7) are used to 
program the Data Address for Conventional 
DA select operations. An unprogrammed WC 
fuse requires a logic 1 at its DA bit location to 
produce an address match. A blown fuse 
requires a logic 0 at its DA bit location to 
produce an address match. The user can 
then program the data address to be any one 
of the addresses 00 - FF. An unprogrammed 
8X470 recognizes a DA address of FF (00 
within the 8X401) as a data address match. 
See Example 3. 


Example 3. Controller Data Register 
Address 


LSB BIT LOCATION MSB} 
0 1 2 3. 4 6 7 


5 
OU @ Bee 


a 


BA The controller status register output is fixed 
at DAO and DA7. | 


DFO6160S 


ME 

The ME fuse (CSLO-CSL7) bank positions 
the output of the Controller Status bit at any 
unblown UD fuse at the same bit location on 
the DA side. In an unprogrammed part the 
Controller Status output will appear on all 
eight DA lines. See Example 4. 


PROGRAMMING 
Flowchart 1 summarizes the 8X470 program- 
mable features by their function and program- 
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Example 2. Mode B Unprogrammed and Programmed Configurations 


LSB MSB 
0 141 #2 #3 4 %§§ 6 7 
a oO 
Clo oe emo 
eo) Oooo 
eOOOOOg Dd 


Table 8. Mode B Operation (See Note) 


OUTPUT ONLY 


Ic Function 
vee, pee data, clear User Status 


L | H |Output data, clear User Status 


ae 
ese) a 


High impedance (UD7 = Von) 


INPUT ONLY 


Input user data, set Controller 
Status 


High impedance (UD7 = Von) 


Status 


iti 
Input user data, set Controller 


H | H |High impedance (UD7 = User H | H |High impedance (UD7 = User 
Status) Status) 


NOTE: 


Table 7 should only be used if the bidirectional fuse has been blown. For UD lines where the input only fuse is 
blown, use the input only side; else use the output only side. 


Example 4. Controller Status Out- 
put Location 
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ming configuration. Flowchart 1 can be used 
before programming as a guide for mapping 
the fuses that need to be blown, to configure 
an 8X470 |/O port for a particular configura- 
tion. After the features have been mapped, 
the programming procedure can begin. Each 
bank is programmed in a similar manner, with 
one exception, the IC fuse bank. The IC fuse 
bank has two added considerations; when 
being programmed, any input to UD7 should 
be removed, and the fuse at UD7 should not 
be programmed. Fuses can be verified when 
all programming as been completed or just 
after a fuse has been programmed. During 
verification, a blown fuse acts as a high 
impedance and an unblown fuse acts as a 
VOL. 
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Thus, programming the 8X470 1/O port can 
be broken down into three stages: 


(1) Pre-Programming 

a. Decide what features the 8X470 is to 
have. 

b. Use Flowchart 1 to determine which 
fuses need to be biown. 

c. Map the fuses to be blown onto a 
diagram, like the one shown below, by 
darkening the squares where fuses are 
to be blown. 


(2) Programming 
Use ''map" to blow fuses using the pro- 
gramming procedure. 

(3) Verify 
Verify that the fuses blown correspond to 
the map, using the verification procedure. 


For an example, see Programming Example. 


c 
o 
Qo 
c 
o 
ek 
Cc 
o 
NR 
Cc 
o 
Ww 
Cc 
m 
& 
Cc 
o 
oa 
Cc 
o 
wy 


OOO 

DOs 

ee 
es) 8 
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MODE SELECT 


UO: BIDIRECTIONAL UD:. INPUT ONLY 
BA: BIDIRECTIONAL DA: OUTPUT ONLY 
BANK: BANK: IC (UD5) 
FUSE STATUS: FUSE STATUS: UNBLOWN 
BANK: BANK: SC 
FUSE STATUS: UNBLOWN FUSE STATUS: BLOWN 


UD: OUTPUT ONLY UD: INPUT ONLY 
: INPUT ONLY : OUTPUT ONLY 
: §€ (UD5) : I€ (UDS) 
FUSE STATUS: BLOWN FUSE STATUS: BLOWN 
BANK: SC BANK: SC 
FUSE STATUS: UNBLOWN FUSE STATUS: BLOWN 


CONTROLLER STATUS OUTPUT LOCATION 


OUTPUT NOT LOCATED AT THE SAME 
BIT LOCATION ON THE DA SIDE. 


OUTPUT LOCATED AT THE SAME 


BIT LOCATION ON THE DA SIDE. DA LOGIC: DALOGIC: 0 


8X401 LOGIC: 8X401 LOGIC: 1. 
BANK: BANK: iC 
FUSE STATUS: FUSE STATUS: BLOWN 


BANK: ME 
FUSE STATUS: BLOWN 


BANK: ME 
FUSE STATUS: UNBLOWN 


CONTROLLER DATA ADDRESS 


ADDRESSING MODE 


DA LOGIC: 1 DA LOGIC: 0 CONVENTIONAL DA SELECT FAST SELECT 
8X401 LOGIC: 0 8X401 LOGIC: 1 BANK: iC (UD4) BANK: IC (UD4) 
BANK: WC BANK: WC : : 


FUSE STATUS: UNBLOWN FUSE STATUS: BLOWN 


FUSE STATUS: FUSE STATUS: BLOWN 


DATA ENTRY 


SYNCHRONOUS ASYNCHRONOUS 
BANK: 1 (UD6) BANK: IC (UD6) 
FUSE STATUS: UNBLOWN FUSE STATUS: BLOWN 


AFO3660S 


Flowchart 1. 


Programming Sequence 8) Raise OC to V;. 16) Repeat steps 5 through 10 above. 
9) Verify blown fuses on UDO-UD7. These 17) Lower SC to Vo. 

V_ = 10V Res ten act as open collector outputs during veri- 18) Remove any input from UD7. 
1) Voc = 5V, ME, SC, IC = Vo, (initial condi- fication. An intact fuse is indicated by a 19) Raise OC to Voy. 

tions). _ Vot, a blown fuse by a high impedance. 20) Raise IC to V; (programming status ad- 
2) IC = OC = VoL. 10) Lower OC to Vo. dress and miscellaneous functions). 
3) UDO -UD7 = Vo. 11) Lower WC to Vo. 21) Repeat steps 5 through 10 above, but do 
4) Raise WC to V; (programming data ad- 49) Raise ME to V; (programming status bit not raise UD7 in step 6. 

dress). position). 22) Lower IC to Vo,. 
5) Raise Vcc to Vy. 13) Repeat steps 5 through 10 above. 23) Lower OC to Vo. 
6) Raise UD lines 0-7 one at a time where 14) Lower ME to Vo. 24) Remove power (Vcc = OV). 

a fuse is to be blown. 15) Raise SC to Vs (programming data bit 
7) Lower Vcc to 5V. direction). 
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Programming Verification 14) Lower SC to Voy. (b)The shaded areas of Flowchart 1 
Sequence 15) Raise IC to V; (verifying status address indicate the selections from pat ‘a’ 

and miscellaneous functions). which require a blown fuse. 
Vy = 10V ee 16) Repeat steps 5 through 7 above. 
1) Voc = 5V, ME, SC, IC = Vo, (initial condi- 17) Lower IC to Vo,. 
tions). _ 18) Remove power (Vcc = OV). —_— 
2) IC =OC = VoL: . 
3) UDO-UD7 = Vo. Pre-programming Example 


4) Raise WC to V; (verifying data address). Stage 1— Pre-programming —— a 

5) Raise OC to V;. 

6) Verify blown fuses on UD0- UD7. These _(@) Features Desired eis! — a ee 
act as open collector outputs during veri- Conventional DA 


fication. An intact fuse is indicated by a Addressing Mode: select _ a 

Vo. and a blown fuse by a high imped- Controller Data 42 (within the pas 

ance. address: 8X401) DF05810S 
7) Lower OC to VoL. Controller Status FO (within the 
8) Lower WC to VoL. address: 8X401) (c) Map 
9) Raise ME to V; (verifying status bit posi- Controller Status fm oe 

tion). Output Location: DAO, DA7 Bode Ge Mae ence SS 
10) Repeat steps 5 through 7 above. Mode of Operation: A sHOBOSCL BL 
11) Lower ME to VoL. UDO, UD2, UD4, wll MBOOOCS DG 
12) Raise SC to V; (verifying bit direction). Input only UD lines: UD6 ~_T BRBHBERBE 
13) Repeat steps 5 through 7 above. Data Entry: Synchronous Choa oo wo 


DF05820S 


Programming Example — Stages 2 and 3 
INITIAL CONDITIONS (V; = 10V) 


8X470 CONFIGURATION AFTER 
PROGRAMMING SEQUENCE 


1. Voc = 5V, ME, SC, IC = Vo, (initial conditions). 
2. IC =OC = VoL. 
3. UDO ~ UD7 = Voy. 


DATA ADDRESS 


. Raise WC to V;. 

. Raise Vcc to V;. 

. Raise UD1 to Voy, to blow a fuse. Repeat of UD6. 

. Lower Voc to 5V. 

. Raise OC to Vj. 

. Verify that the fuses at UD1 and UD6 are blown. A blown fuse acts like a 
high impedance and an intact fuse acts like a Voy. 

10. Lower OC to Vo. 

11. Lower WC to Vo,. 


CONTROLLER OUTPUT LOCATION 


12. Raise ME to V;. 
13. Repeat steps 5-10 above for UD1 — UD6. 
14. Lower ME to Vo,. 


COON DA LS 


DATA BIT DIRECTION 


77) 
to] 
= 
77) 
a 


15. Raise SC to Vj. uD: © 1 #2 3 4 5 6 7 

16. Repeat steps 5-10 above for UDO, UD2, UD4, UD6. s Bl BOBU ESL 

17. Lower SC to Vo. wl fl MBLIOOLU BO 
<OMRREREO 
ae (ie Oe i ay ea (ek 
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Table 9. Programming Examples 


; 
CONFIGURATION INPUT/OUTPUT CONTROLLER CONTROLLER CONTROL LER MODE | 
CAPABILITY ADORESSING . STATUS DATA OF | 
LSB MSB DATA ENTRY STATUS PanGeec. idl aenacee: beast 
UD Bits;01234567 Bit Location MODE POSITION: ADORESS ADDRESS DP ER 
LSB MSB os < (within the (within the AT:ON 
01234567 _8x401) _ &x401) 
Example 1 | | 
r ee pot B B B B BB B B| Synchronous | Conventional | DAG- Day’ | UU (Hex) Pa | 
ies ee 2 _ DA: BBBBBBBB DA Select 
agcecaas~ | | 
== ee eee rad emerree eet == ewes -4 
Example 200 ff ca 
CO. 2 Fe 7 BBBBBBB B} Synchronous | Fast Select | DAO, DA7 x | 
Wo DOO ne oe DA: BBBBBBBB | | 
ME | - | | 
IC og teak ey valesct | ail - 
ME es ee ee Oar a | | 
“poOoncsS. : | B | BIB I B| Synchronous | Fast Select | BAO, BAZ | x | | 
WO... j Lok at Baa le -OBOBOBOSB | | 
ft deat an ‘- | 
Example 4 ian —S 
sc pron oj “0 00:0'0 00 0 x Conventional AO, DA7 (Hex) 42 (Hex) Ey 
ae DA: BBBBBBBB DA Select 
ile | 
SC ee eee > | | t | OOOO] Asynchronous | Conventional DA7 FO (Hex) a 42 (Hex) B3 | 
we 1 Petekee we DA:OOOOBBBB DA Select | 
ME D 
IC | | 


RA TING 


-~65 to +7150 


DESCRIPTION __ ORDER CODE 
24-Pin Plastic DIP 400 Mil Wide N8X470N | 
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DC ELECTRICAL CHARACTERISTICS (Vcc = 5V +5%; 0°C <T, <70°C) 


SYMBOL 


LV | Low level input voltage 
High level input voltage 


Voc = Min 
Low level output voltage | lo. = 16 mA from DA bus 
lo. = 24 mA from UD bus 


PARAMETER TEST CONDITIONS 


Voc = Min 


nN 
ro) 


Voc = Max 


High level output voltage Voc = Min, lon =-3mMA 2.5 
Input clamp voltage Voc = Min, liy =-10MA 


| Vou | 

Leics : 
a a 
in [Hie level input cunent «doo Mas nv 
| los | Short circuit output current Voc = Min 


DC FUSING CHARACTERISTICS 


SYMBOL PARAMETER TEST CONDITIONS 


Fusing voltage Applies to Vcc, SC, WC, ME and IC only 
| Fuse bank current ME or SC or WC, IC = 11.5V 
oe (Only one bank at a time can equal 11.5V) 
, Feiner eaent Voc = 11.5V, ME or SC or WC or IC = 11.5V 
cd g (Only one bank at a time can equal 11.5 V) 


TEST LOADING CIRCUITS 


Low level input current Voc = Max, V; = 0.4V 


I 
aw 
Oo 


ViL 
VoL 
VoH 
Voi 
Nie 
Ne 
NH 
los 
loc 
Voc 


5.00 


UD BUS DA BUS 


+5V +5V 
1622 2372 
OUTPUT OUTPUT 
UNDER UNDER 
TEST TEST 
1242 100 pF 169Q 100 pF 


TCO7980S 
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AC ELECTRICAL CHARACTERISTICS (Vcc = 5V +5%; 0°C <Ta <70°C) (See Note 1) 


REFERENCES LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 


From Min Max 
Pulse Widths: 


vide MCLK pulse width CS = MS = Low 2 | sons | 


twic IC/OC pulse width ME — High 25 ns 
Propagation Delays: 


tpuDDA Propagation delay from UD to DA 


°o 


Oo 


tPICDA Propagation delay from IC to DA 


tpucpa Propagation delay from MCLK to DA 


O 
> 


tppaup Propagation delay from DA to UD 


S| _ 
(2s 


tpacup Propagation delay from MCLK to UD 
Setup Times: 

Setup time for SC 

Setup time for WC 

Setup time for ME 

Setup time for DA 

tsic Setup time for IC/OC 


tsuDIc Setup time to enable IC D 


tssc 
tswc 
tsme 


| 


0 
> 
= 
© 
= 
x 


tspa 


| 
[3 
| 


Oo 
= 
QO 
2 
x 


s : 
Cc mi 
= 
c| al 5 eo) 2 cilcilolldilo 
o os S5/5/ Si) S$ 


Hold Times: 


= 
ep) 
~ 
= 
QO 
fe 
A 
cae a> | 
ow | ee 
i 


Hold time for SC MCLK SC 
= m 
tumMe Hold time for ME 


O 
“N 


Enable Times: 


= = ce ene 
teIc Enable time for IC IC 24 ns 
Enable time for ME ME DA SC = WC = Low 24 ns 
Enable time for SC SC DA WC = ME = Low 24 ns 
Enable time for WC WC DA SC = ME Low 
Enable time for user status Ic 
Enable time for data in the fast select <—— 
— Enable time for the controller status in ME i 


the fast select mode 


Disable Times: (see note 2) 


Disable time for IC 
Disable time for ME DA bus tri-stated 
DA bus tri-stated 


tosc Disable time for SC 
towc Disable time for WC wc Tt | DA bus tri-stated 


UD bus tri-stated 


a 
> 


“| 


tpsic Disable time for user status UD7 tri-stated 
fess Disable time for data in the fast select SC J DA bus tietated 40 as 
S mode 
epue Disable time for controller status in the ME 1 GA bis ancsinted 40 ae 
fast select mode | 
NOTES: 


1. Input levels swing from OV to 3V with Outputs measured at 1.5V. 
2. These parameters are measured with a capacitive loading of 100pF. 
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8X470 Timing for the Conventional DA Select Addressing Mode 


t 
| 
| 
| 
| 


$c 


se ieee 


| 
| 
| 
| 
{ 
| 
, 


S4470 Timing for the Fast Select Addressing Mode 


SIGNAL 
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8X470 Fuse Coding Sheet Binary to Hex Conversion 
This coding sheet is intended to assist in determining the fuse coding of an 8X470 0000 — 0 1000 — 8 
Programmable i/O Port for a particular application. Use of this sheet requires some prior 0001 — 1 1001 — 9 
knowledge of the 8X470 fuse —- programmable functions. Refer to the 8X470 Data Sheet for 0010 — 2 1010 — A 
more information. To produce a fuse code, simply follow the steps below. Some of the 0011 — 3 1011 — B 
information will start out in binary form, and must later be converted to hexadecimal. The chart 0100 — 4 1100 —C 
at the right is provided to simplify the conversion process. 0101 — 5 1101 — D 
0110 — 6 1110 — E 
0111 — 7 1111 — F 
1. For conventional (DA bus) port selection, choose a Controller Data Address in the range of 0 WC - ___ 
to FF hexadecimal. Write the address in the space to the right. If Fast Select will be used, 
enter 00. 


2. Pick the Controller Status Locations. Write a 1 in those positions where status should NOT ME — 
appear and 0 in the other positions. ee Wee ee OES =e eee 


3. Select any bit positions that are to be programmed as input only. Write a 1 in any positions 
that should be input only, 0 in the other positions. 


4. For conventional (DA bus) port selection, choose the Controller Status Address in the range SC - 
of FO to FF hexadecimal. Write the bottom digit (0 to F) of the address in the space to the a in - ie Sy 
right. If Fast Select mode will be used, enter a 0. 


5. If the 8X470 will be used in the Fast Select mode (as opposed to the conventional select 
mode), enter a 1 in the space to the right, otherwise enter a 0. 


6. If the 8X470 will be used in the directional mode (Mode B) rather than the bidirectional mode 
(Mode A), enter a 1 in the space to the right, otherwise enter a 0. 


7. \f it is desired that data be written to the 8X470 from the User Bus asynchronously with 
respect to MCLK, enter a 1 in the space to the right, otherwise a 0 should be entered. 
LJ 


8. Copy the data from lines 4 through 7 into the boxes to the right. As noted, the first bit is 
always a zero. The four bits plus the single hex digit form one byte of programming data. 


9, Copy the data from lines 1 to 3 and 8 into the spaces on the right, converting any binary data 
C- 
IC - 


to hexadecimal. This is the data that is required to order or field-program an 8X470. 
eka 


Fuse Code: 
WC ME SC IC 


Cz: 6 OJ 
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8-BIT LATCHED BIDIRECTIONAL I/O PORT 


FEATURES 


e Dual bidirectional ports 

e Independent port operation (User-port 
priority for data entry) 

e User data input synchronous 

At power-up, User-port outputs are 

high and Microprocessor-port outputs 

are high-Z 

e Three-state TTL outputs for high-drive 
capabilities 

e¢ Directly compatible with 8X300 
Microcontroller 

¢ Single +5V supply 


PRODUCT DESCRIPTION 


The 8T31 is an 8-bit bidirectional data register 
designed to function as Input/Output interface 
elements in microprocessor systems. 


LOGIC DIAGRAM 


Each part contains eight clocked data latches 
that are accessible from either a microproc- 
essor port or a user port. Separate I/O control 
is provided for each port. The two ports operate 
independently, except that when both are at- 
tempting to input data into the data latches, 
the User port (UDO-UD7) has priority. The mas- 
ter enable (ME) signal enables or disables the 
microprocessor bus regardless of the state of 
the other inputs but has no effect on the user 
bus. 


A unique feature of these parts is their ability 
to start up in a predetermined state. If the clock 
is maintained at a level of less than 0.8 volts 
until the power supply reaches 3.5 volts, all bits 
of the user port will wakeup at a “‘logic 1’’ level 
and those of the microprocessor port will 
wakeup in the high-impedance state. 


ONE OF EIGHT 
BIT SLICES 


8134 


Originally published by Signetics January 1984 


PIN CONFIGURATION 


N PACKAGE 


TOP VIEW 


ORDER NUMBERS 
N8T31N, N8X31N 
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PIN DESIGNATION 


ce SYMBOL | NAME AND FUNCTION TYPE 


User Data |/O Lines. Bidirectional data lines to 
communicate with user’s equipment. 


Microprocessor Bus. Bidirectional data lines to 
communicate with controlling digital system. 


Input Control. User input to control writing into 
the 1/O Port from the user data lines. 


Output Control. User input to control reading 
from the |/O Port onto the user data lines. 


Master Enable. System input to enable or dis- 
able all other system inputs and outputs. It has no 
effect on user inputs and outputs. 


Write Command. When WC is high, stores con- 
tents of IVO0-IV7 as data. 


Read Command. When RC is low, data is 
presented on /V0-IV7. 


Master Clock. Input to strobe data into the 
latches. See function tables for details. 


5V power connection. 


Ground. 


Table 1. USER PORT CONTROL FUNCTION 


Acitve high 
three-state 


Active low 
three-state 
Active low 


Active low 


Active low 


Active high 


Active low 


Active high 


USER DATA BUS FUNCTION 


Output Data 
Input Data 
Inactive 


H = HighLevel L = Low Level X = Don't care 


Table 2. MICROPROCESSOR PORT CONTROL FUNCTION 


MICROPROCESSOR BUS 


FUNCTION 


Output Data 


Input Data 
Inactive 
Inactive 
inactive 


et 
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USER DATA BUS CONTROL 


The activity of the user data bus is con- 
trolled by the BIC and'BOC inputs as shown 
in Table 1. 


The user data input is a synchronous func- 
tion with MCLK. Alow level on the BIC input 
allows data on the user data bus to be 
written into the data latches only if MCLK is 
at a high level. A low level on the BIC input 
allows data on the user data bus to be 
latched regardless of the level of the MCLK 
input. 


To avoid conflicts at the data latches, input 
from the microprocessor port is inhibited 
when BIC is at a low level. Under all other 
conditions the 2 ports operate independ- 
ently. 


MICROPROCESSOR 
BUS CONTROL 


As is shown in Table 2, the activity of the mi- 
croprocessor port is controlled by the ME, 
RC, WC and BIC inputs, as well as the state 
of an internal status latch. BIC is included to 
show user port priority over the microproc- 
essor port for data input. 


BUS OPERATION 


Data written into the 8T31 from one port will 
appear inverted when read from the other port. 
Data written into the 8T31 from one port will 
not be inverted when read from the same port. 


8-bit latched bidirectional |/O port 8134 


DC ELECTRICAL CHARACTERISTICS Vcc = 5V + 5%, 0°C < Ta < 70°C unless otherwise specified. 


[Minty | 


Input voltage: 
ViH High 2.0 
Vit Low 
Vic Clamp | = 5mA 
Output voltage: Vec = 4.75V 
VOH High 
VoL Low 
Input current!: Voc = 5.25V 
NH High Vin = 5.25V 
Nie Low Vii = .5V 
Output current: 
los Short circuit = 4.75V 
UD bus 
IV bus 
Icc VCC supply current = 5.25V 


NOTES 


1. The input current includes the three-state/open collector leakage current of the output 
driver on the data lines. 
2. Only one output may be shorted at a time. 


PARAMETER MEASUREMENT INFORMATION 
LOAD CIRCUIT FOR THREE-STATE OUTPUTS INPUT WAVEFORM 


ALL DIODES 
ARE 1N914 
OR EQUIVALENT 


S1 OPEN 
S2 CLOSED 
$1 CLOSED 
S2 OPEN 
$1 CLOSED 
S2 CLOSED 


NOTE: CL includes fixture capacitance 


CLOCK PULSE WIDTH DATA DELAY TIMES 


Clock Referenced 


OUTPUT 
DATA 
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AC ELECTRICAL CHARACTERISTICS 0°C<Ta < 70°C, Voc = 5V + 5% 


TEST LIMITS 
eee met | conpions [win [typ [Max 
25 38 


‘User data relay’ 
User output enable 


User output disable 


pP data delay! 


pwP output enable 


uP output disable 


Minimum pulse width 


tsetup Minimum setup time? 


tHoLp Minimum hold time? 


NOTES 

1. Data delays referenced to the clock are valid only if the input data is stable at the arrival 
of the clock and the hold time requirement is met. 

2. Setup and hold times given are for “normal” operation. BIC setup and hoid times are for 
a user write operation. RC setup and hold times are for an |/O Port select operation. ME 
and WC setup and hold times are for a microprocessor bus write operation. 

3. Times are referenced to MCLK. 


VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES OUTPUT ENABLE AND DISABLE TIMES 
(Three-State Outputs) 


LOW LEVEL 
ENABLING 


CONTROL 
QUTPUT HIGH LEVEL 
. ENABLING 


i 'setup © |--—- HOLD ~ 
mm an oe ‘N 


OUTPUT 1 


DATA AND 
CONTROL 


DATA 
OUTPUT 2 


top> 

WAVEFORM «1 1S FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE 
OUTPUT 1S LOW WHEN THE THREE-STATE DRIVER IS ENABLED. WAVEFORM #2 1S 
FOR THE OPPOSITE CONDITION. 
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§-BIT LATCHED ADDRESSABLE BIDIRECTIONAL I/O PORT 


Originally published by Signetics January 1984 


FEATURES 


¢ Independent port operation (user-port 
priority for data entry) 


User data input available as synchronous 
(8T32) or as asynchronous (8T36) 


User data bus available with three-state 
(8T32, 8T36) 


¢ At power-up, user-port outputs are high 
and microprocessor-port outputs are 
high-z; status latch (from address com- 
pare) is also cleared at power-up 


¢ Three-state TTL outputs for high-drive 
capabilities 


¢ Directly compatible with 8X300 micro- 
controller 


e Single +5V supply 


PRODUCT IDENTITY 

8T32— Three-state, field-programmable 
(addresses 0-255), synchronous 
user port. 

8T36—Three-state, field-programmable 
(addresses 0-255), asynchronous 
user port 


PRODUCT DESCRIPTION 
81T32/8T36. Each of these I/O Bytes is an 
addressable and bi-directional register 
designed for use as an interface element in any 
system with TTL-compatible buses. (Note. 
Since these I/O Bytes are frequently used with 
the 8X300 Microcontroller and its associated 
Interface Vector bus, the 8T32-8T36 family of 
parts are commonly called IV Bytes.) Each !/O 
Byte contains eight identical data latches (Bits 
0 through 7); the latches are accessed from 
either of two 8-bit ports—one port connecting 
to the microprocessor (8X300) and the other 
port connecting to the user device. 


Separate controls are provided for each port 
and the two ports operate independently, ex- 
cept when both attempt to input data at the 
same time; in this case, the user port bus has 
priority. 


The address of each I/O Byte is field- 
programmable and the microprocessor port is 
accessed when a valid address is received; the 
user port is accessible at all times. A selected 
Byte is automatically deselected when the ad- 
dress of another I/O Byte is sensed on the ad- 
dress/data bus. A Master Enable (ME) input 
is available for use as a ninth address bit, 
allowing direct access to 512 {/O Bytes without 
address decoding. 


A unique feature of these parts is their ability 
to start up in a predetermined state. If the clock 
is maintained at a level of less than 0.8 volts 
until the power supply reaches 3.5 volts, all bits 
of the user port will wakeup at a “‘logic 1”’ level 
and those of the microprocessor port will 
wakeup in the high-impedance state. 


PIN CONFIGURATION 


TOP VIEW 


ORDER NUMBERS 
CONTACT LOCAL SALES REPRESENATIVE 


A stock of 8T32s and 8T36s with addresses 
4” through ‘'10”’ are maintained in inventory; 
with a longer lead time, a small quantity of ad- 
dress ‘‘11”’ through ‘'50”’ are also available. 
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ICAL BLOCK DIAGRAM 


mes 


TYP 


UDO 


7 BIT SLICES 


neem, 


"Switch indicates synchronous/asynchronous user write option. Switch shown for synchronous version. 


Pe AA AEM RULES SCR TROP TURNED HOV 


8-bit latched addressable bidirectional 1/O port 


PIN DESCRIPTION 


| SYMBOL 


NAME AND FUNCTION 


User Data !/O Lines. Bidirectional data lines to 
communicate with user's equipment. Either tri- 
state or open collector outputs are available. 


___TYPE 
Active high 


Active low 
three-state 


Microprocessor Bus. Bidirectional data lines to 
communicate with controlling digital system 
(microprocessor). 


Input Control. User input to control writing into | Active low 


the 1/O Port from the user data lines. 


Output Control. User input to control reading | Active low 


from the I/O Port onto the user data lines. 


Master Enable. System input to enabie or dis- Active low 
able all other system inputs and outputs. 


It has no effect on user inputs and outputs. 


Write Command. When WC is high and SC is 
low, !/O Port, if selected, stores contents of 


IVO-IV7 as data. 


i Be, WC: Active high 


Select Command. When SC is high and WC is Active nigh | 
low, data on !1VO-IV7 is interpreted as an address. 
'/O Port selects itself if its address is identical 


to uP bus data; it de-selects itself otherwise. 


Master Clock. Input to strobe data into the 
latches. See function tables for details. 


Active high 


5V power connection. 


Ground. 


eee ee 


Table 1. USER PORT CONTROL FUNCTION 


8T32 
Output Data Output Data 
input Data Input Data 
Inactive input Data 
Inactive Inactive 


H = High Level 


L = Low Level X = Don't care 


inactive 


Table 2. MICROPROCESSOR PORT CONTROL FUNCTION 

sam, 4 ——- STATUS /O PORT 
ME BIC FUNCTION 
Lo L ke X Output Data 
8 L H H Input Data 
L H L X Input Address 
L Pl a ie Input Address 
L H H H Input Data and Address 
L x H Xx Inactive 

L H X X Inactive 

L L H L Inactive 

LL L Xx X Inactive 

H X X xX 
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USER DATA BUS 

The activity of the user data bus is con 
trolied by the BIC and BOC inputs as shown 
in Table 1. 


For the 8732, user data input is a synchronous 
function with MCLK. A low level on the BIC in- 
put allows data on the user data bus to be writ- 
ten into the data latches only if MCLK is at a 
high level. For the 8T36, user data input is an 
asynchronous function. A low level on the BIC 
input allows data on the user data bus to be 
latched regardless of the level of the MCLK in- 
put. Note that when the 8736, is used with the 
8X300 Microcontroller, care must be taken to 
insure that the Microprocessor bus is stable 
when it is being read by the 8X300 
Microcontroller. 


To avoid conflicts at the Data Latches, input 
from the Microprocessor Port is inhibited when 


BIC is at a low level. Under all other conditions 
the two ports operate independently 


MICROPROCESSOR 

BUS CONTROL 

As is shown in Table 2, the activity of the 
microprocessor port is controlled by the ME, 
SC, WC, and BIC inputs, as well as the state 
of an internal status latch. SIC is inciuded to 
show user port priority over the microprocessor 
port for data input. 


Each I/O Port’s status latch stores the result 
of the most recent I/O Port select; it is set when 
the I/O Pori’s internal address matches the 
Microprocessor Bus. It is claared when an ad- 
dress that differs from the internal address is 
presented on the Microprocessor Bus. 


in norma! operation, the state of the status 
latch acts like a master enabie; the 
microprocessor port can transfer data only 


- when the status latch is set. 


When SC and WC are both high, data on the 
Microprocessor Bus is accepted as data, 
whether or not the I/O Port was selected. The 
data is also interpreted as an address. The /O 
Port sets its select status if ts address matches 
the data read when SC and WC were both 
high; it resets its select status otherwise. 


BUS OPERATION 

Data written into the 1/O Port from one port will 
appear inverted when read from the other port. 
Daia written into the I/O Port from one port will 
not be inverted when read from the same port. 


, 
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User data delay (Note 1 ) 


User output enable 


User output disable 


fuP data delay (Note 1) 


xP output enable 


LP output disable 


Minimum pulse width 


tsetyp Minimum setup time as (Note 2) 


tuotp Minimum hold time (Note 2) 


¢ Applies for 8132. 
t Applies for 8T36. 
[1 Times are referenced to MCLK for 8T32, and are referenced to BIC for 8T36. 


NOTES: 


1. Data delays referenced to the clock are valid only if the input data is stable at the arrival of the clock and the hold time requirement is met. 
2. Set up and hold times given are for ‘normal’ operation. BIC setup and hold times are for a user write operation. SC setup and hold times are for I/O Port 
select operation. ME setup and hold times are for both !V write and select operations. 
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8-bit latched addressable bidirectional I/O port 8132/8136 


DC ELECTRICAL CHARACTERISTICS 0°C < Tj <70°C, Vcc = 5V + 5% 


PARAMETER 


VIH High-level input voltage 
Vit Low-level input voltage 
VoL Input clamp voltage 


NH High-level input current! Voc = 5.25V 
Vin = 5.25V 
He Low level input current! Voc = 5.25V 
Vit = .5V 
VoL Low-level output voltage Voc = 4.75V 
loc = 16mA 
V High-level output voltage Voc = 4.75V 
IOH = -3.2mMA 


OH 
los Short-circuit output current2 

UD bus Voc = 4.75V 

IV bus Voc = 4.75V 


Supply current 


NOTES : 7 
; Absolute Maximum Ratings: 

1. The input current includes the Three-state/Open Collector leakage current of the S | it 3 7V 
output driver on the data lines. UPPly VOITAGeY — ws ee ee ee ee eee 

2. Only one output may be shorted at a time. 

3. These limits do not apply during address programming. Input voltages Ce ae 5.5V 

TEST LOAD CIRCUIT TEST LOAD CIRCUIT 

(OPEN COLLECTOR OUTPUTS) (THREE-STATE OUTPUTS) 


ALL DIODES 
ARE 1N914 
OR EQUIVALENT 


OUTPUT TEST POINT 
S1 OPEN 


S2 CLOSED 
S1 CLOSED 


Cy 
S2 OPEN 
S1 CLOSED 
$2 CLOSED 


NOTE: C, includes fixture capacitance. NOTE: C, includes fixture capacitance. 


VOLTAGE WAVEFORMS 


INPUT WAVEFORM CLOCK PULSE WIDTH 
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DATA DELAY TIMES 
Input Data Reference 


INPUT DATA ——a/ 


| OUTPUT DATA ——— 


OUTPUT 
DATA 


ECA RSA NES rere RIO 


SETUP AND HOLD TIMES 


RACH mcrioraenrrcamenmnam 


SN RRS 


SiC =r Se _ 


 tgetup i= tHotp 
at et 


\ 


-4.5V 1.5V 
\ f 


Ne ue cee ce cn es eof % 


DATA AND 
CONTROL 


sR STURN DIE OA DE TOE DALAT RE DETER 
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DATA DELAY TIMES 
Clock Referenced 


BIC = Fo ee t 
\, , 8735 AND 8T36 


MCLK 


INPUT DATA 


OUTPUT DATA 


OUTPUT ENABLE AND DISABLE TIMES 
(Three-State Outputs) 


LOW LEVEL 
—————————- ENABLING 
CONTROL /, ey 
OUTPUT HIGH LEVEL 
ENABLING 
DATA 
OUTPUT 1 
“VoL 
“Vou 
DATA “”. 
OUTPUT 2 


top" 


Waveform #1 is for an output with internal conditions such that the out- 
put is Low when the three-state driver is enabled. Waveform #2 is for 
the opposite condition. 


8-bit latched addressable bidirectional I/O port 


ADDRESS PROGRAMMING 

The I/O Port is manufactured such that an 
address of all high levels (>2V) on the 
Microprocessor Bus inputs matches the Port’s 
internal address. To program a bit so a low- 
level input (<0.8V) matches, the following pro- 
cedure should be used: 


1. 


Set all control inputs to their inactive state 
(BIC = BOC = ME = Voc, SC = WC = 
MCLK = GND). Leave all Microprocessor 
Bus i/O_pins open. 


. Raise Vcc to 7.75V + .25V. 
. After Voc has stabilized, apply a single 


programming pulse to the user data bus bit 
where a low-level match is desired. The 
voltage should be limited to 18V; the cur- 
rent should be limited 75mA. Apply the 
pulse as shown in Figure 1. 


. Return Vcc to OV. (Note 1). 
. Repeat this procedure for each bit where 


a low-level match is desired. 


. Verify that the proper address is pro- 


grammed by setting the Port’s status latch 
(iVO-IV7 = desired address, ME = WC = 
L, SC = MCLK = H). If the proper address 
has been programmed, data presented at 
the uP bus will appear inverted on the user 
bus outputs. (Use normal Veco and input 
voltage for verification.) 


After the desired address has been pro- 
grammed, a second procedure must be fol- 


8132/8136 


ADDRESS PROGRAMMING PULSE 


Ia SEC. — 


ADDRESS 90% 
PROGRAMMING l 
PULSE UD 0-UD 7 


ee 


100ns >t, >1,4S 


Figure 1 


a ines 


PROTECT PROGRAMMING PULSE 


PROTECT 
PROGRAMMING 
PULSE UD 0-UD 7 


Figure 2 


. Set Voc and all control inputs to OV. (Vcc = 


BIC = BOC = ME = SC = WC = MCLK 
= QV). Leave all Microprocessor Bus I/O 
pins open. 


2. Apply a protect programming pulse to every 


user data bus pin, one at a time. The 
voltage should be limited to 14V; the cur- 


tp > 100,LS 


| | 
| | 
je-<1mS + 


3. Verify that the address circuitry is isolated 


by applying 7V to each user data bus pin 
and measuring less than 1mA of input cur- 
rent. The conditions should be the same as 
in step 1 above. The rise time on the 
verification voltage must be slower than 
100us. 


lowed to isolate the address circuitry. The pro- 
cedure is: 


rent should be limited to 150mA. Apply the 
pulse as shown in Figure 2. 


PROGRAMMING SPECIFICATIONS! 


PARAMETER 


Vocp Programming supply voltage 
Address 
Protect 


LIMITS 


| Min | tye | Max 


TEST 
CONDITIONS 


locp Programming supply current 
Max time Vecp > 5.25V 


Programming voltage 
Address 
Protect 


Vecp = 8.0V 


Programming current 
Address 
Protect 

Programming pulse rise time 
Address 
Protect 


Programming pulse width 


NOTE 
1. If all programming can be done in less than 1 second, Vcc may remain at 7.75V for the entire programming cycle. 
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APPLICATIONS 

Figure 3 shows some of the various ways to 
use the I/O Port in a system. By controlling the 
BIC and BOC lines, the device may be used 
for the input and output of data, control, and SIGNETICS 


APPLICATIONS 


status signals. I/O Port 1 functions bidirec- ethe 


tionally for data transfer and I/O Port 2 provides 
a similar function for discrete status and con- VO PORT 1 UD0-UD7 
trol lines. I/O Ports 3 and 4 serve as dedicated . (assent 


output and input ports, respectively. 


/O PORT 2 


ee. UD7 
eM VO PORT 3 
ME 9 Voc 
UDO-UD7 
VO PORT 4 _—- 
O Vcc 


Figure 3. 


SIGNETICS 
8X300 
MICROCONTROLLER 


_——____—_—__—___—_—_————_ USER CONNECTION —-—______—__ 
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Product support 


8X300 family (product support) ....... 2.0.2 eee eee 709 
SXS00KT 1S 3:25 oe ee toes ES SES ST Cea Sake ea eee 711 
8X305 (ICEPACK) .......... cee ee eee ees Se ere ee ae 731 
8X300/8X305 (development data) ....... 22.0. ee eee 733 
8X330 (ECC application note)... .. 2... ees 735 
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PRODUCT SUPPORT 


SUPPORT FACILITIES 


The 8X300 Family is strongly supported with 
Development Systems, Support Software, 
Applications, Training and Documentation. 
Together, this support provides the user with 
a powerful set of tools to evaluate, design, 
debug, and implement a simple or complex 
system. 


DEVELOPMENT SYSTEMS 


EZ-PRO (Manufactured by American Automation) 
e Universal Development System 

¢ Relocating macroassembler 

¢ Full speed in-circuit emulator/debugger 

¢ Maximum memory support 

8X305 ICEPACK (Manufactured by Sigen Corp.) 
e Full speed in-circuit emulator/debugger 

e RS-232 interface to CP/M or Intellec 

¢ 4K word memory/8-bit extended microcode 
e Low cost 


8X371 


ca TRANSPARENT a 
10 PORT 


C= ADDRESSABLE a) 
WO PORT 
USER 


SYSTEM 
8X376 


c—> ADDRESSABLE = 
10 PORT 


ae KS 
4 ADDRESSABLE a 
os ie Grae 


8X350 


256 x 8 RAM 
WITH BUS 
INTERFACE 


8X300 FAMILY 
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Signetics 8X305 Prototyping System 

e Single board module 

e RS-232 interface 

e Resident monitor 

e 256 to 4096 words of Writable Control 
Storage 

e Minimum cost 


SOFTWARE 


MCCAP CrossAssembler 
e Full function macroassembler 
— Free format source code 
— Symbolic address assignment 
— Nested macro support 
— Cross-reference table 
— Supports extended microcode 
¢ Multiple output formats 
e Available in two versions 
— FORTRAN source code 
— Intellec/ISIS object code 


PROM/ROM 
PROGRAM 
STORAGE 


INSTRUCTION 


a 8X310 


INTERRUPT 
CONTROLLER 


8X305 


MICROCONTROLLER 


8X353 


32 x 8 RAM 
WITH BUS 
INTERFACE 


ADDRESS 


if ih 


32 x BLIFO 
WITH BUS 
INTERFACE 


APPLICATIONS SUPPORT 


Field applications engineers 
Product applications engineers 
Application notes 

e Floppy disk controller 

¢ ECC 

e Hard disk controller 

e Local network interfacing 


TRAINING AND 
DOCUMENTATION 


Videocassette training course 
Designer’s seminar 

8X305 User’s Manual 

8X300 Family Product Capabilities 
Manual 

¢ MCCAP Programming Manual 

e Full complement of Data Sheets 


@Xx374 
c ADDRESSABLE 1/0 C= 
PORT WITH PARITY 
USER 
SYSTEM 


ee. 8/16-BIT BUS = 
INTERFACE 
one DISKETTE 
C= FLOPPY DISK C= DRIVE 
CONTROLLER 


8X360 RAM 
MEMORY WORKING 
ADDRESS STORAGE 
DIRECTOR 
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PRE FACE Originally published by Signetics January 1984 


8X305 Prototyping System 


This document provides the information required to understand, set up and operate the 
8X305 Prototyping System. It is recommended that the user become thoroughly familiar 
with the 8X305 MicroController and the high speed peripherals that support the device. 
For this purpose, the following documents are recommended: 


e 8X305 Users Manual — comprehensive functional detail, interface characteristics, 
hardware and software design data, and systems information for the 8X305 
MicroController. 


e 8X300 Family Product Capabilities Manual — overview of the 8X300 Family of parts, 
including application information on the 8X305 MicroController and its support 
devices. 


e MCCAP Manual — complete description of the powerful MicroController Cross- 
Assembler Program for the 8X300 and 8X305. 


e Data Sheets — electrical and functional characteristics for each member of the 
8X300 Family and related parts. 


— 8X305 MicroController 

— 8X310 Interrupt Control Coprocessor 

— 8X320 Bus Interface Register Array 

— 8X330 Floppy Disk Formatter/Controller 

~~ 8X338 Local Area Network Controller 

— 8X350 256 Byte Bipolar RAM 

— 8X360 Memory Address Director 

— 8X371 Latched 8-bit Bidirectional 1/O Port 

— 8X372/8X376 Addressable 8-bit Bidirectional I/O Port 
— 8X374 Addressable 8-bit Bidirectional 1/O Port with Parity 
— 8X382 Addressable 4-IN/4-OUT I/O Port 

— 8X60 FIFO RAM Controller 
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Figure 1-1. 8X305 Prototyping System 


August 1985 


8X300KT1SK 
INTRODUCTION 


712 


8X305 prototyping system 


1.1 SYSTEM DESCRIPTION 


The 8X305 Prototyping System is a 
powerful design support tool that aids 
the engineer in the evaluation, design, 
and prototyping of systems based on the 
Signetics 8X305 MicroController and 
its family of support devices. Its ad- 
vanced features permit the development 
of both 8X305 firmware and application 
circuitry. The prototyping systems cap- 
abilities are adequate to serve as a 
complete development system for sim- 
ple systems and provide a low-cost tool 
for evaluating portions of more com- 
plex designs. 


1.2 ARCHITECTURAL 
OVERVIEW 


As shown in Figure 1-1, the 8X305 Pro- 
totyping System consists of a single 
printed circuit board that includes an 
8X305 MicroController and various 
8X305 Family peripheral devices. The 
8X305’s microprogram resides in Write- 
able Control Storage (WCS). A Monitor 
Processor controls operation of the 
8X305 by loading the WCS, activating 
the Run/ Step logic, and directly plac- 
ing instructions onto the 8X305’s In- 
struction bus. The Monitor Processor 
also controls the User Interface, which 
is through a standard RS-232 connec- 
tor. The remainder of the board is 
occupied by power connections and a 
large wire-wrap area for prototyping of 
user-developed circuits. A complete dis- 
cussion of the operation and interrela- 
tionship of these functions is contained 
in later chapters. 


1.2.1 USER INTERFACE 


The User tnterface of the 8X305 Proto- 
typing System is accomplished through 
a standard RS-232 connector. Data 
rates from 110 to 19,200 baud are 
switch selected by the user. The moni- 
tor program contained in the system 
controls all user communication, which 
is accomplished interactively through a 
straightforward and user-friendly syn- 
tax. While the operation of the system 
requires only a low-cost “dumb” termi- 
nal, it can be connected to a host 


computer to support more advanced 
developments. Commands are included 
to support up and down loading of 
programs in such applications. 


1.2.2 MONITOR PROCESSOR AND 
RUN/STEP LOGIC 


Operation of the system is controlled 
by the Monitor Processor, which is 
implemented using an 8035 Micropro- 
cessor. The Monitor Processor is respon- 
sible for the following functions: 


User interaction 
Loading Writeable Control Storage 
e Loading and reading 8X305 registers 
and !/O devices 
¢ Control of Run/Step logic 


Programming for the Monitor Proces- 
sor is supplied by Signetics and is 
contained in a PROM. 


1.2.3 WRITEABLE CONTROL 
STORAGE 


8X305 MicroController programs are 
executed from a Writeable Control Stor- 
age (WCS) that is contained on the 
board. The prototyping system is sup- 
plied with 256 words of instruction 
memory. An expansion module is avail- 
able to support address space require- 
ments of up to 4096 words. The WCS is 
sufficiently fast to permit full speed 
Operation of the 8X305. 


Writeable Control Storage words are 25 
bits wide to support advanced micro- 
programming requirements. Sixteen of 
these bits contain actual 8X305 instruc- 
tions. Eight of the remaining bits are 
used to support “Extended Microcode” 
designs as described in the 8X305 Users 
Manual. The 25th bit, transparent to the 
user, iS set by the Monitor Processor to 
control breakpoints. 


Since the three-bus architecture of the 
8X305 does not permit the Micro- 
Controller to modify its own program 
memory, the WCS is loaded by the 
Monitor Processor. 
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1.2.4 8X305 MICROCONTROLLER 
AND PERIPHERALS 


An 8X305 MicroController and various 
8X300 Family peripheral devices are 
included in the prototyping system. 


The Instruction and Program Address 
busses of the 8X305 are connected to 
Writeable Control Storage (WCS) as 
well as an 8X310 Interrupt Control 
Coprocessor (ICC). The interrupt and 
status pins of the 8X310 are available to 
the user for use in prototyping real- 
time or other interrupt driven systems. 


The 8X305’s IV bus is connected to the 
following 8X300 Family’ peripheral 
devices: 


(1) 8X320 Bus 
Array 

(1) 8X350 256 Byte Bipolar RAM 

(1) 8X360 Memory Address 
Director 

(3) 8X372 Addressable 8-bit 
Bidirectional 1/O Ports 


Interface Register 


IV bus data and control signal connec- 
tions are also available to the user to 
permit attachment of other devices or 
user developed logic. User interface 
connections to the 8X320, 8X360, and 
8X372’s are available adjacent to the 
wire-wrap area to permit prototyping of 
various 8X305 based designs. 
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SYSTEM SETUP. 


2.1 POWER CONNECTIONS 


CAUTION 


Power connections must be prop- 
erly made; otherwise, component. 
damage will result. 


Power connections to the Prototyping 
System are made through four binding 
posts located on the left hand edge of 
the board. These are labeled GROUND, 
+5, —12, and +12. Without options or 
user circuitry in the wire-wrap area, the 
current drawn from each power source 
is as follows: 


+5 VDC — less than 2.5 amperes 
+12 VDC — less than 20 milliamperes 
—12 VDC — less than 20 milliamperes 


Additional current must be supplied for 
any options or user circuitry added to 
the board. At the user’s option, a DC- 
to-DC converter ( converts +5 VDC to 
+12 VDC) can be installed in the space 
allotted to the —12 VDC and +12 VDC 
binding posts. Refer to the parts list in 
Appendix B for the manufacturer and 
part number of the recommended 
device. 


2.2 RS-232 INTERFACE 


An RS-232 connector ts provided in the 
lower left-hand corner of the system for 
interconnection to the users CRT ter- 
minal, and is cOnnected as shown in 
Table 2-1. . 


Table 2-1 RS-232 CONNECTOR 
Pin 
No. Signal 
1 GND 
TXD 
RXD 
RTS 
Cis 
DSR 
GND — 
CAD 


Description 


Ground. 

Transmit Data(in) 
Receive Data(out) 
Request to Send(in) 
Clear to Send(out) 
Data Set Ready(out) 
Ground 


Carrier Detect(out) 


RS-232 specifications call for data com- 
munications equipment (DCE), such as 
this system, to be connected to data 
terminal equipment (DTE), such as the 
user's CRT terminal. When connecting 
this system to another DCE, such as a 
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host computer, be sure to interchange 
TXD (pin 2) with RXD (pin 3), and RTS 
(pin 4) with CTS (pin 5). This can be 
done on the cable or it can be accomp- 
lished logically by using a Null Modem. 
Due to the variety of interpretations of 
RS-232, some terminals may not imme- 
diately work with the Prototyping 
System. If difficulties are encountered, 
first reduce the connections to three 
signals: TXD, RXD, and GND. Then if 
necessary, interchange TXD and RXD 
signals. 


2.3 BAUD RATE SELECTION 


Any of the eight baud rates listed in 
Table 2-2 may be selected by proper 
setting of switches B2, B1 and BO 
located near the RS-232 connector. 
Table 2-2 BAUD RATE 


Baud 
Rate 


19200 
9600 
4800 
2400 
1200 
600 
300 
1 110 
(0 = Switch off, 1 = Switch on) 


For hard-copy printing terminals, an 
optional line-feed feature may be select- 
ed to avoid over-strike of characters 
after a backspace on error. This feature 
is selected by setting the LF switch 
located next to switch BO to the ON 
position. 


2.4 EXTERNAL OSCILLATOR 
CONNECTIONS 


CAUTION 


To prevent possible damage to the 
crystal, never apply an external oscil- 
lator signal to X71 or X2 input with 
crystal Y2 connected to the circult. 


The Prototyping System is. supplied 
with a 10 MHz crystal: therefore it 
operates the 8X305 MicroController at 
its full rated speed of 200 nanoseconds 
per instruction. The crystal may be 
changed by the user to any frequency 
from 4 MHz to 10 MHz. Alternatively, 
an external oscillator may be con- 
nected to the X1 and X2 inputs of the 
8X305, as described in the 8X305 Users 
Manual. The external oscillator may 
operate at any frequency between 0.2 
MHz and 10 MHz. Note that the 8X305 
is capable of running at frequencies 
lower than 0.2 MHz, but the Prototyp- 
ing System's Monitor Processor expects 
the 8X305 to be finished executing an 
instruction within 10 microseconds, there- 
by imposing a lower limit of 0.2 MHz. 
Tie points for X1 and X2 are located 
next to crystal Y2 and the 8X305. Be 
sure to disconnect crystal Y2 before 
connecting the external oscillator inputs 
to X1 and X2. 


2.5 INHIBIT JUMPER FOR 
8X310 ROM DISABLE 


The 8X310 Interrupt Control Coproces- 
sor connects to the Instruction and 
Address buses of the 8X305. It accom- 
plishes interrupt and subroutine control 
by disabling the control storage that 
contains the 8X305’s microprogram and 
placing specific JMP instructions onto 
the instruction bus. To permit the Pro- 
totyping System to operate either with 
or without an 8X310 in the circuit, a 
jumper is incorporated into the ROM 
Disable (RD) circuitry. 


When the 8X310 Interrupt Control 
Coprocessor is physically present in 
location U16, the ROM Disable Inhibit 
Jumper located at R14 next to the 
8X310 must not be present so that the 
8X310 can disable WCS and avoid bus 
contention problems. When the 8X310 
is not present, this jumper must be 
connected to the board at location R14 
to permanently enable the Writeable 
Control Store RAMs. 
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SYSTEM OPERATION 


3.1 POWER UP AND 
DIAGNOSTICS 


When power is applied to the Prototyp- 
ing System, resident diagnostic pro- 
grams are executed to test the Micro- 
Controller and Writeable Control Store 
(WCSi. The following message is then 
printed: 


8X305 PROTOTYPING SYSTEM 
REV n 
SYSTEM CHECK ON 


* 


where “n’ equals the current revision 
level. 


If the Prototyping System is function- 
ing improperly, either “MEMORY 
ERROR" or "8X305 ERROR" messages 
will be printed. Then the “promi:t’ 
character (*) will be printed and the 
user may examine WCS memory or 
8X305 functions to diagnose the 
problem. 


3.2 MONITOR PROGRAM 


With the printing of the “prompt” char- 
acter ("), system control passes to the 
monitor program. The user may then 
enter any of the ten monitor commands: 


| INPUT 8X305 instructions into 
memory: 
Accepts a starting WCS memory 
address and then permits the 
entering of an 8X305 instruction 
in mnemonic form and an exten- 
sion instruction in octal notation. 


n Register examine/change, where 
“n” = register number: 
Displays the register number and 
its contents and allows a new 
value to be substituted. 


(RO may be accessed by its alter- 
nate name AUX by entering “A” 
or, R10 may be accessed by its 
alternate name OVF by entering 
Oe) 


G GO execute user’s 8X305 pro- 
gram: 
Accepts a starting memory ad- 
dress and executes at full speed 
until a breakpoint or keyboard 
entry is reached. Then the con- 
tents of the registers and the next 
executable instruction are dis- 
played, and single stepping can 
proceed, 


STEP, single step user’s program: 
Accepts a starting memory ad- 
dress and displays the contents 
of the registers and the instruc- 
tion at that memory address. The 
instruction is executed by hitting 
the space bar: and successive 
instructions by successively hit- 
ting the space bar. 


MEMORY and breakpoint examine/ 
change: 

Accepts a starting WCS memory 
address and then displays the 
contents of that location in 
mnemonic form and indicates a 
possible breakpoint by an ex- 
clamation point. A’ breakpoint 
at this location may be set by typ- 
ing an exclamation point or 
cleared by typing a backspace. A 
new 8X305 instruction and exten- 
sion instruction is then entered 
by typing an |, as with the INPUT 
command. 


LB, left-bank examine/change: 
Accepts a bank address ‘or the 
currently enabled address, if a 
blank is entered) and displays the 
contents of that left-bank address 
(0-377 octal). A new value may be 
entered to substitute for the orig- 
inal content. 


RB, right-bank examine/change: 
Operates the same as the LB 
command except action is upon 
the right-bank. 


DUMP memory contents to ter- 
minal: 

Accepts a starting WCS memory 
address and an ending address, 
and then dumps the memory con- 
tents from the start address to the 
end address onto the RS-232 port 
in ASCI] HEX QUOTE format as 
described in Section 3.6. 


FILL memory contents from ter- 
minal: 

Accepts a starting WCS memory 
address and fills memory in ASCII 
HEX QUOTE format as described 
in Section 3.6. 
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X XCODE, temporarily set extended 
microcode latch: 
Accepts a new extension code 
value to be temporarily set in the 
extended microcode latch for con- 
trol of user circuitry. The content 
of the extended microcode sec- 
tion of WCS is not changed by 
this command. 


Although the user need only enter a 
single letter command, the monitor will 
respond by typing the whole command 
name as indicated in capitals above. 


Any of the commands may be aborted 
before completion by typing an ASCII 
“control-C” character. While entering 
any number (sequence of octal digits), 
corrections may be made by entering a 
backspace character and then entering 
the correct number. 


3.3 COMMAND SYNTAX 
DIAGRAMS 


System commands and monitor 
responses are defined tn the syntax 
diagrams in Figure 3-1a, b and c. 


3.4 SAMPLE USAGE 


The sample program in Figure 3-3 is 
shown to give the user an idea of a 
typical session and includes most com- 
mands used by the Prototyping System. 
A short program is input to WCS via 
the terminal Keyboard that continually 
increments R6 of the 8X305 and writes 
each new ‘incremented: value to loca- 
tion 133 of the 8X350 on the Right- 
Bank of the IV Bus and to 1/O Port 001 
on the Left-Bank. Since extended 
microcode is not needed in this exam- 
ple, none was entered as indicated by 
“7/000”. 


3.5 BREAKPOINTS 


Breakpoints are designed to halt the 
8X305 just prior to the execution of an 
instruction on which a breakpoint has 
been specified. If the GO command is 
issued to start at an address that has a 
breakpoint set, the system will not stop 
on that address immediately. If the 
8X305 should access that address again 
then a breakpoint stop will occur. 
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SPECIFIC CHARACTER STRINGS 

UPPERCASE FOR LITERAL STRINGS 
UNDERLINED FOR MONITOR TYPED STRINGS 
DEFINED ELSEWHERE IN THE SYNTAX DIAGRAMS 
TRANSPARENT OPERATIONS 

CARRIAGE RETURN 

BLANK (SPACE-BAR) 


BACK-SPACE (CONTROL — H) 
(DELETES PREVIOUS KEYBOARD ENTRY) 


BREAKPOINT 

CANCEL COMMAND, RETURNS TO PROMPT @ 
OCTAL BASE NUMBER SYSTEM USED THROUGHOUT 
MONITOR’S RESPONSE TO INPUT OR SYNTAX ERRORS 


CONNECTOR TO NEXT SYNTACTIC ELEMENT 


Figure 3-1a. Syntax Definitions 
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Input Instructions: 


©>>(NeuT) > memory dares }-9@) 


address ee new instruction cl) 
next addr 


) 


Register Examine/Change: 


| eee, 
es ge aa IT 


Go Execute: 
(*:) (GO) (y) executing breakpoint encountered 
any keyboard entry 


Step Execute: 


OCT) [memory aero } +@) 


execute one instruction 


breakpoint display 


Memory Examine/Change: 


bank address (¥) 
O Sarre 
= next bank address oS contents) nee vetoes 


Right-Bank: 


ORB) 


Dump Memory: 


Cem) ® @—>( dump to RS-292 


Fill Memory: 


O-GED @}—>C_ fil rom Rs-202 


Set Temporary Extension: 


©6008) ster carters) ——@) 


Figure 3-1b. Syntax Flow 
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{| new instruction : source destination 
. register num 
1/0 


*Reg-to-Reg operation 
**any |/O operation 


source 


g-bitimmediate 
5-bit immediate 


70 


memory address 


COA? 

Camas 

= 

a 
® 


; *8-bit immediate : 


new value 


breakpoint display typical: 


AUX R1 R2 R3 R4 RS R6- R7 OVF R11 R12 Ri3 R14 R15 RIG R17 


— ae saeee se a ne te ee ee am ee neme ere stem rem me wate na, a mm Sc ey me ce teen ae ne we ee ee ee ee 


377 000 017 037 000 000 001 222 000 000 000 360 300 000 000 000 
00013 — MOV 02 4 37 /244 


note: — First two lines are column headers, printed each breakpoint 
or each 20 single steps. 
-- Third line is register contents. 
— Fourth line is breakpoint: address —- instruction/extension 
This is the next instruction to be executed In single step. 


Figure 3-ic. Syntax Flow 
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* 


* DUMP 00000 00014 
DUMPING HIGH BYTES .... 
(STX) 


00'C0'24'B9'C0'AC'68'74'01'10'70'11'F 1 


(ETX) 
DUMPING LOW BYTES .... 
(STX) 


00'00'08'BF'10'FF'FF'96'06'FF’7D'40'D7' 


(ETX) 

DUMPING EXT BYTES. .... 

(STX) 
00'00'00'00'00'50'00'00'00'00'00'00'00’ 
(ETX) 


* 


Figure 3-2. Example of ASCII HEX QUOTE Format 
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3.6 ASCII HEX QUOTE 
FORMAT 


Memory contents to and from the ter- 
minal during the DUMP and FILL com- 
mands are in an object code format 
commonly supported by PROM pro- 
gramming hardware known as “ASCII 
HEX QUOTE” format. Each block of 
eight-bit wide data is preceeded by an 
STX (ASCII Start of Text) character. 
Then each 8-bit byte is represented by 
2 ASCII HEX characters (0, 1, 2, 3, 4, 5, 
6, 7, 8, 9, A, B, C, D, E, F) followed by a 
single quote (’). As many bytes as 
necessary may be transmitted until an 
ETX (ASCII End of Text) character ter- 
minates the block. Three such blocks 
are transmitted for any specified 
memory range: high byte of 8X305 
instruction, low byte of 8X305 instruc- 
tion, and extended microcode byte. 
Figure 3-2 shows an example of ASCII 
HEX QUOTE format. 


3.7 XEC (EXECUTE) 
INSTRUCTIONS 


When stepping through a user program 
and an 8X305 XEC instruction is encoun- 
tered, the system will display an “XR” 
after the next instruction to indicate an 
XEC range of address. 


Note that stepping must start on or 
before an XEC instruction for the pro- 
gram flow to be correct. If while running 
a program, a breakpoint or stop occurs 
on an instruction that is the target of an 
XEC instruction, an “XR” will not be 
displayed and program flow will not be 
correct if single stepping is then begun. 


It is valid to nest any number of XEC 
instructions. Single stepping will work 
properly provided that the user start on 
or before the first XEC instruction. 


3.8 8X310 
INTERRUPT CONTROL 
COPROCESSOR 
CONSIDERATIONS 


Certain 8X305 “NOP” instructions have 
specific meanings to the 8X310 as indi- 
cated in the data sheet. When using an 
8X310 in the system, the user must 
Start running or stepping from an instruc- 
tion that is not an 8X310 instruction. It 
is valid, however, to start running and 
encounter a breakpoint or stop on an 
8X310 instruction and then continue 
single stepping the program. 
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fe aotearoa eee ee 


8X305 PROTOTYPING SYSTEM 


Power Up Message 
SYSTEM CHECK OK. 
* 


REV.B 


* INPUT 00 
00000 |: 
* INPUT 2 
00020 I: 
00021 | 
00022 | 
00023 JI: 
00024 1; 
00025 | 
00026 I 
00027 ins 
00030 I: 
* MEMORY 0 


0 
JMP 


XMT 
XMT 
XMT 
XMT 
ADD 
MOV 


; MOV 


JMP 


20 /000 


07 133 /000 
17 001 /000 
00 001 /000 
6 0 /0 

6 0 6 /000 

6 0 27 /000 
6 0 37 /000 
00000 /000 


Program Input 


00000 JMP 00020 /000 
00001 MOV 00 0 00 /000 


* MEMORY 20 
00020 XMT 07 133 /000 
00021 XMT 17 001 /000 
00022 XMT 00 001 /000 Display of Program Entered 
00023 XMT 06 000 /000 
00024 ADD 06 0 06 /000 
00025 MOV 06 0 27 /000 
00026 MOV 06 0 37 /000 r 
n 

00027 JMP 00000 /000 +: JMP 24 /000 Change INSTUCHON aE OCatOne? 
* LB 132 = 347 While Still in Memory Mode 

LB 133 = 002. 
i. RB a0 g a0 : Display of Current Data at 

= oOo 

<(pecingor sag 9 \/V Addresses 

RB 001 = 377. sas 
* GO 0 Program Stopped by Hitting 
RUNNING .... STOPPED <—————__——____________ any Key 

AUX RI R2 R3  R4 RS RE RI OVF R11 R12 R13 RI RS RIG RIT — 


001 171 300 132 213 346 263 133 000 037 075 365 246 040 335 001 


00027 - JMP 00024 /000 R7 Contains RB Address 133 
001 171 300 132 213 346 263 133 000 037 075 365 246 040 335 001 


00024 - ADD 06 0 06 /000 


001 171 3 


00 


132) 213 346 264 133 000 037 075 365 246 040 335 001 [R6 Increments] 


00025 - MOV 06 0 27 /000 R17 Contains LB Address 001 
132 213 346 264 133 000 037 075 365 246 040 335 001 


001 171 3 


00 


00026 - MOV 06 0 37 /000 


* DUMP 20 


40 


a, : Contents of 133 (LB: and 
3.87 001 (RB) 


DUMPING HIGH BYTES.... 


C7'CF'CO'C6'26'06'06'E0'F2'00'00'FE'00'A2'FF'00! 


EF! 


DUMPING LOW BYTES.... 


ASCII HEX QUOTE Format 


5B'01'01'00'06'17'1F'14'B7'00'00'8B'00'83'FF'00' Location 20-40 Octal 


FB! 


DUMPING EXT BYTES.... 
00'00'00'00'00'00'00'00'00'00'00'00'00'00'00'00! 


EF’. 

* 

001 
264 
133 
001 


ZAX 
NRO 


Wow ou a 


R17 


+ & & 


* FILL 000 
FILLING HI 
20'40'60'E 


FILLING LOW BYTES.... 


00'01'02'0 


FILLING EXT BYTES.... 


00'FF'FF!0 
* 


* MEMORY 
00000 JMP 
00001 ADD 
00002 AND 
00003 XOR 
00004 JMP 
* 
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01 
GH 
0 ' 


3! 
O'. 


000 
000 
00 
00 
00 
000 


, Examine Registers 


BVTES.sats Fill Instruction Memory 


Locations 1-4 in ASCII 
HEX QUOTE Format 


00 Examination of Memory Verifies 
20 = /000 Fill Operation Above. Note 
ane Extended Microcode at Locations 
ee 00002 and 00003 were Filled with 
03 /000 FF HEX as Indicated by 377 Octal. 


Figure 3-3. Sample Usage 
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USER CONNECTIONS 


4.1 WIRE-WRAP AREA 


The wire-wrap area located at the top 
of the board provides 26 square inches 
for user prototyping. This space accom- 
modates standard IC widths from 0.3 to 
0.9 inches and also provides power and 
ground connections. 


4.2 IV BUS CONNECTIONS 


The IV bus is the major communica- 
tions link between the 8X305 Micro- 
Controller and its family of peripherals. 
The bus is logically partitioned into two 
banks, referred to as the Left-Bank and 
Right-Bank. In the Prototyping System 
the 8X350 Working Storage RAM is 
connected to the Left-Bank, and the 
8X320 Register Array, 8X360 Memory 
Address Director, and 8X372 I/O Ports 
are connected to the Right-Bank. All IV 
bus signals are present at connector J2 
as shown in Table 4-1. 


Table 4-1 IV BUS CONNECTOR J2 


Description 
BUS (MSB) 
BUS 
BUS 
BUS 
BUS 
BUS 
BUS 
BUS(LSB) 
OV 
OV 
Halt 
Reset 
Clock 
Left-Bank 
Right-Bank 
Select Control 
Write Control 


(All even Ground 


pins) 


4.3 I/O PORTS 


These 8X372 |/O ports have been pro- 
vided on the Right-Bank of the IV bus 
for latching of input or output data. The 
ports are programmed for addresses 
000, 001 and O02 and all signals are 
available at connectors J4. J5 and J6 
respectively. Signals on these connec- 
tors are described in Table 4-2. Note 
that |/O port compatibility allows the 
user to substitute an 8X376 or 8X382 
for any one of the 8X372 I/O ports. 
(One 8X371 non-addressable |/O port 
may be substituted, but ONLY if all 
other components on that bank are 
removed.) 


Table 4-2 I/O PORT CONNECTORS 
J4, J5, AND J6 


UD7 
UD6 
UD5 
UD4 
10 UD3 
12 UD2 
14 UD1 
16 UDO 
18 UOC 
20 UIC 


(All odd GND 
pins) 


Description 
User Data (LSB) 
User Data 
User Data 
User Data 
User Data 
User Data 
User Data 
User Data (MSB) 


Output Control 


Input Control 


Ground 


8X300KT1SK 


4.4 EXTENDED MICROCODE 
CAPABILITY 


“Extended Microcode” is a technique 
commonly used in 8X305 MicroCon- 
troller based designs to optimize per- 
formance. It is implemented by de- 
signing program memory to be wider 
than the 16-bit instruction word re- 
quired for the 8X305. The additional 
bits are referred to as the extension 
and can be used for fast 1/O selection 
or other system control and status 
monitoring purposes. 


The Prototyping System uses a 24-bit 
instruction word, thus providing facili- 
ties for 8 bits of extended microcode. 
These bits are accessible to the user at 
connector J3 as shown in Table 4-3. 


Table 4-3 EXTENDED MICROCODE 
BITS AT CONNECTOR J3 


Signal Description 
No Connection 


EDO Extended Microcode 


(MSB) 
ED1 Extended Microcode 
ED2 

9 ED3 
11 ED4 
Is ED5 
lie: ED6 


Ty EDT 


Extended Microcode 
Extended Microcode 
Extended Microcode 
Extended Microcode 
Extended Microcode 


Extended Microcode 
(LSB) 


19 No Connection 


Ground 


(All even 
pins) 
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Table 4-4 8X320 SIGNAL 
CONNECTIONS 


Description 
Byte/Word Control 
Primary Port Address (LSB) 
Primary Port Address 
Primary Port Address 
Primary Port Address (MSB) 
Programmed |/O Enable 
Read/Write Control 
Write Strobe 
Direct Mem. Access Enable 
Primary Data Port (LSB) 
Primary Data Por 
Primary Data Port 
Primary Data Port 
Primary Data Port 
Primary Data Port 
Primary Data Port 
Primary Data Port 
Primary Data Port 
Primary Data Port 
Primary Data Port 
Primary Data Port 
Primary Data Port 
Primary Data Port 
Primary Data Port 
Primary Data Port (MSB) 


4.5 8X310 CONNECTIONS 


The 8X310 is connected to the 8X305 
MicroController and the Writeable Con- 
trol Store RAM to provide interrupt and 
subroutine capability. Five additional 
signals are provided for user interface 
as described in the 8X310 data sheet. 
These signals are accessible at tie 
points just to the right of the 8X310 
chip: 


Stack Full Status 
Interrupt Disable Control 


Interrupt O Input 
Interrupt 1 Input 
Interrupt 2 Input 
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4.6 8X320 CONNECTIONS 


An 8X320 Bus Interface Register Array 
has ben provided on the IV Bus as a 
Right-Bank I/O device for interfacing to 
the user’s system. The primary data, 
status and command signals are acces- 
sible at tie points located between the 
8X320 and the wire-wrap area. A list of 
these signals is provided in Table 4-4. 


4.7 8X360 CONNECTIONS 


The 8X360 Memory Address Director 
has been incorporated into the Proto- 
typing System design to facilitate imple- 
mentation of a DMA channel. It is 
connected to the IV Bus as a Right- 
Bank 1|/O device. Interconnection to the 
signals listed in Table 4-5 can be made 
at the tie points located between the 
8X360 and the wire-wrap area. 


In applications using extended micro- 
code to enable |/O devices care must 
be taken to avoid !V Bus contention 
with 8X300 Family peripheral devices 
enabled through the more commonly 
used address — select cycle. Refer to 
the 8X305 Users Manual for more infor- 
mation on extended microcode oper- 
ations. 


4.8 MEMORY EXPANSION 


The Prototyping System is provided 
with 256 24-bit words of Writeable Con- 
trol Storage; 16 bits for 8X305 instruc- 
tions and 8 bits for extended microcode. 
The depth of Control Storage can be 
increased by the connection of an 
expansion module to connector J1, as 
shown in Table 4-6. A 4096 word 
Writeable Control Storage Expansion 
Module is available from Signetics (Part 
Number 8X300KT2SK). A schematic for 
this expansion module is provided in 
Appendix D. 


Table 4-5 8X360 SIGNAL 


Signal 


CLK 
TC 
LABN 
TSCL 
AQ 

Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8& 
AQ 


Alt 


CONNECTIONS 


Description 
Clock Input 
Terminal Count Status 
Loop Abort Control 
Tri-state Control 
Address Output (LSB) 
Address Output 
Address Output 
Address Output 
Address Output 
Address Output 
Address Output 
Address Output 
Address Output 
Address Output 
Address Output 
Address Output 
Address Output 
Address Output 
Address Output 
Address Output (MSB) 
Register Select (LSB) 
Register Select 
Register Select 
Register Select (MSB) | 
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Table 4-6 MEMORY EXPANSION CONNECTOR J1 


Signal 
RAMEN 
GND 


Description | 
Disables on-board RAM 


Ground 
Ground 

Output Disable 
Breakpoint 
Write 

No Connection 
No Connection 
No Connection 
No Connection 
Chip Enable 


8X305 Address (MSB) 


8X305 Address 
8X305 Address 
8X305 Address 
8X305 Address 
8X305 Address 


8X305 Address 
8X305 Address 
8X305 Address 
8X305 Address 
8X305 Address 
8X305 Address 


8X305 Address (LSB) 


+: V 


Pin 


| No. 


age) 
114 
es 
112 
111 
110 


Description 
8X305 Instruction (LSB) 
8X305 Instruction 
8X305 Instruction 
8X305 Instruction 
8X305 Instruction 
8X305 Instruction 
8X305 Instruction 
8X305 Instruction 
8X305 Instruction 
8X305 Instruction 
8X305 Instruction 
8X305 Instruction 
8X305 Instruction 
8X305 Instruction 
8X305 Instruction 
8X305 Instruction (MSB) 


Extended Microcode 
(LSB) 


Extended Microcode 
Extended Microcode 
Extended Microcode 
Extended Microcode 
Extended Microcode 
Extended Microcode 


Extended Microcode 
(MSB) 


+5 V 


8X300KT1SK 
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THEORY OF OPERATION 


As can be noted with the aid of the 
block diagram in Figure 5-1, the 8X305 
prototyping system board contains cir- 
cults which may be categorized as 
follows: 


1. Monitor Processor 

2. 8X305 MicroController and Family 
3. Writeable Control Store 

4. Run/Step Logic 


5.1 FUNCTIONS OF THE 
MONITOR PROCESSOR 


The Monitor Processor, an 8035 micro- 
processor and peripherals, controls all 
the commands and operations des- 
cribed in Chapter 3. The Monitor 
Processor handles all communication 
with the terminal as well as reading and 
writing the 8X305’s program storage, 
registers, and I/O port contents. 


The 8X305 can execute instructions 
from Writeable Control Storage or an 
instruction that is latched into the 8243 


ETERS CONEN ARNE ES OTA 


by the Monitor Processor. Typically the 
instruction in the 8243 will store or read 
an 8X305’s register contents, I/O Port 
contents, or set the address in the 
8X305 Program Counter. 


The 8243 is also used to read and write 
the contents of Writeable Control Store. 
Since the 8X305 does not have an 
address bus that can be three-stated 
and because a buffer would increase 
the memory access time, to read a spe- 
cific memory location a JMP is “forced” 
upon the 8X305 by way of the 8243 to 
set the address lines. 


The Monitor Processor reads the regis- 
ter contents of the 8X305 by forcing an 
XEC Rn, 000, where Rn is the desired 
register. This causes the register con- 
tents to be placed on the lower eight 
address lines of the 8X305 where it may 
be read by the Monitor Processor and 
sent out on the RS-232 interface. To 
store a value into the 8X305, the Moni- 
tor Processor will force a XMT Rn, 
XXX, where XXX is the desired register 
contents. (For R12 and R13, this will be 


[PROTOTYPING AREA. 


8X360 
MEMORY ADDRESS 
____ DIRECTOR 


8X320 
REGISTER 
ARRAY __ 


8X372 


8035 
4 COMPUTER 


accomplished by a XMT followed By a 
MOV.) 


5.2 8X305 FAMILY 


With the following two exceptions the 
8X305 MicroController and its sup- 
porting peripherals connect to the 
prototyping system in a conventional 
manner: | 


1. Rather than a direct tie to the MCLK 
output of the 8X305, the MCLK input 
to the 8X310 Interrupt Control Co- 
processor is gated. The gating cir- 


cuits are required to implement 
correct single-step operation of the 
system. 


2. The HALT and RESET inputs to the 
8X305 are gated. Connected in this 
manner, the HALT and RESET 
signals will only affect the Micro- 
Controller in the run mode. User 
circuits requiring either or both of 
these inputs should pick up the sig- 
nals via the IV Bus connector J2. 


IV BUS 


IV 


8X305 
MICROCONTROLLER 


8243 EXTENSION A | 
| K——7} 1/0 EXPANDER RAM 
2732 ADDRESS 
EPROM —— | 
Jt | | | INSTRUCTION 
TO 8255 828212 8X310 INTERRUPT 
CRT Sareea) CONTROL 
is PARAEVER VO INSTRUCTION COPROCESSOR 
eae RAM = 
~ | BREAKPOINT 
2661 ‘eum 82212 RUN/STEP 
Ere! CONTROL LOGIC 
USER HALT - 
USER RESET 


Figure 5-1. Detailed Block Diagram 
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5.3 WRITEABLE CONTROL 
STORAGE 


Instead of the usual PROM or ROM 
instruction storage found in a typical 
8X305 based system, a Writeable Con- 
trol Store (WCS) has been implemented 
with high speed RAM to facilitate pro- 
gramming via the RS-232 terminal. The 
RAM memory provides 256 x 16 bits for 
8X305 instruction storage, 256 x 8 bits 
for extended microcode, and 256 x 1 
bit for breakpoints. If extended micro- 
code is not desired the RAM chip at U21 
may be removed and references to the 
extension will be removed from the 
display. Any one or all memory address 
locations may contain a breakpoint. 


Note that no page decoding is provided 
on the board, so the 256 words of 
instructions will be repeated every 256 
addresses throughout the entire 8K 
memory range of the 8X305. 


The memory may be expanded up to 
the full 8K directly addressable by the 
8X305. A 4K word Writeable Control 
Storage Expansion Module is avail- 
able from Signetics (Part Number 
8X300KT2SK). When the additional 
memory is installed in J1, the RAM 
enable (RAMEN) signal is grounded to 
disable the on-board 256-word memory, 
and the Monitor Processor is signaled 
to provide the correct write cycle at J1 
for the added RAM. See Figure 5-2 for 
the differences: 


WRITE CYCLE FOR 828212 RAMS 


“Fs *... 
© \f 


WRITE CYCLE FOR 1420 RAMS 


CE1 
(U3 PIN 10) 
oe \ f- 


Figure 5-2. Write Cycle Variations 
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5.4 RUN STEP LOGIC 


The Run-Step logic consists of com- 
ponents U5, U6, U7, U9 and U10 on the 
schematic in Appendix A. These cir- 
cuits provide the control logic required 
to allow the 8X305 to execute instruc- 
tions at full speed or in a single step 
mode of operation. This is easily accom- 
plished since all instructions are 
executed within one machine cycle, the 
time from the falling edge of MCLK to 
the next falling edge of MCLK. The 
HALT input is sampled by the 8X305 
sometime after the falling edge of 
MCLK. If it is low, the address lines of 
the MicroController are held stable; the 
current instruction is executed after the 
HALT input goes high (inactive). Dur- 
ing the time that the HALT input is low 
(active), the MCLK output is unaffected. 
Inputs to the Run-Step logic are labeled 
RUN/WAIT, STEP, BKPT and MCLK: 
the output is labeled HALT and con- 
nected directly to the HALT input of 
the 8X305 MicroController. 


STEP, are controlled by the Monitor 
Processor. The BKPT input connects 
to the extra bit in WCS that is used for 
breakpoints. The MCLK input comes 
directly from the MCLK output of the 
8X305. 


During single stepping the RUN/WAIT 
line is low and a pulse on the STEP line 
causes the 8X305 to execute only the 
current instruction. This is because the 
HALT line will go high for just one 
machine cycle. Entering the run mode 
the RUN/WAIT line is high and a pulse 
on the STEP line causes the 8X305 to 
begin executing instructions from the 
current address at full speed. The HALT 
input will go high and remain so unti! 
the RUN/WAIT fine is brought !ow or 
until a breakpoint is encountered. 
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Item No. Part Number Designator Qty. 
2 1 
2 
4 1 


U 
N74S112N Dual J-K Flip-Flop 
U11 
U13 
14 


9 N74S11N Triple AND Gate U9, U10 
10 MC1489N Quad Line Receiver 


cr 


1 
1 
1 
1 
2 
1 
| 
1 
3 


Signetics SCN8035AC6N40 U19 
Signetics 8X305I/N MicroController U23 
Pn 2h Signetics N8X360N U24 
: 
[tmwoncn [aeascoo | enecawecn.corm [| 


Spectra-Strip 800-586 Header, 20 Pin J3, J4, J5, J6 
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fe +) 
x< 
cm) 
o 
S 
4 
=a 
” 
x 


Manufacturer 


Item No. 


30 Reliability VA12-12 DC-DC Converter 

31 Saronix NMPOS1L Crystal, 5.688 MHz ¥ 
32 Saronix NMP100L ¥2 
33 2N5320 Transistor Q1 


— 


34 


: 


CAP, 47 pF C5 


CAP, 0.1 uF . C6 


RES., 1K, 1/4 W R19 


RES., 10K, 1/4 W R1, R2.R3 
RES., 390, 1/4 W R4, R5 


39 


DO 
Oo 


Ww 
(ee) 


GO 
oO 


tS 
oO 


On On aes #& Ww WD 
On aD) aw NO N (op) 


aay 
— 


pa 
ze 


RES, 2.2K. 1/4 W R6-R13, R15, 


tS 
en) 


R17, R18, R20, 
R21 


RES. 18.1 W R16 
2501 Bolt. Nylon 4-— 40x 3/8” P 


1 
H.H. Smith 2554 P1 


aay 
Oo) 


47 H.H. Smith 


48 


HEX Nut, Nylon 4 — 40 


49 BURNDY DILBQ5OP-101 Socket, 50 Pin U23 


C844002 Socket, 40 Pin U14, U16, U19. 
U24 U25 


C842802 socket, 0.6" 28 Pin U2 
nk C842402 Socket. 0.6° 24 Pin U17, U20 
50 EMC 17424-01-445 Socket. 0.47 24 Pin U26. U27, U28 


C842202 socket. 0.4) 22 Pin WTS: U1, 
U21, U29 


C842002 socket. 0.3° 20 Pin Wee 


On 
4 


on 
NO 


3 


On 
pas 
4 


PCB-82001 P.C. Board 


H.H. Smith 2450 Rubber Bumper 


Appendix C. Parts List continued: 
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IMS 1420 -55 
(4KX4 RAM) 


Na ee ee, ee 


EXTENDED 
(8 - BITS) 


MICRO - CODE 


IMS 1420 -55 


U3 PIN Ig 


1420 -55 


IMS 


8x 365 


INSTRUCTION 


=p 


(16-BITS) 


i 


55 


1420-55 
1420 


IMS 
IMS 


2147H - | 


(4KX!I RAM) 


BREAKPOINT 


CEI 


74537 


ion Assembly Schematic 


Appendix D. Memory Expans 
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ICEPACK 


FEM WE Neko i 


FEATURES 

e Diagnostic Monitor for controlled program execution, 32 
breakpoints, register, memory and I/O port examina- 
tion/change, download/upload memory 

e In-line assembler/disassembier for fast debugging of 8X305 

code in symbolic assembly language 

System trace memory for 128 addresses, 12 bites each 

On-board emulation memory of 4096 x 24 bits 

Supports all other 8X305 family devices 

Supports microcoded designs using expanded instruction 

widths 

e Power-on diagnostics 

e¢ Emulator and software runs with other CP/M* or ISIS* based 
systems 


COMPLETE HARDWARE/SOFTWARE 

DEVELOPMENT SYSTEM INCLUDING: 

¢ 8X305 Emulator module 

¢ CP/M 2.2 System — Z80A, 64K RAM, dual minifioppies with 
1.6 Mbytes storage 

e Screen oriented editor for easy program development 


Printed with permission from Sigen Corporation. 


8X305 


Originally published by Signetics January 1984 


e Cross Assembler supporting Signetics standard format 
mnemonics 
® IBM P.C. version available 


FASTER PRODUCT DEVELOPMENT 

Demanding control applications based on the low cost, high 
performance Signetics 8X305 bipolar microcontroller can now 
be developed and implemented quickly and economically with 
the SIGEN 8X305 ICEPACK. 


ICEPACK is a powerful, high performance development and 
in-circuit emulation system for use with the 8X305 series 
microcontroller product family. Designed for CP/M compati- 
bility, ICEPACK provides a cost-effective means of rapid pro- 
duct development without the costly dedicated resources 
previously required. 


“CP/M is a trademark of Digital Research Corp. 
“ISIS is a trademark of Intel Corporation. 
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PERFORMANCE YOU NEED py system, ICEPACK Emulator, interface adapter, CP/M 2.2 
ICEPACK provides both the hardware performance and soft- and all ICEPACK software and manuals. The ICEPACK Sub- 
ware tools needed for efficient 8X305 product development system includes Emulator, parallel interface adapter, interface 
throughout a broad range of applications. Designed specifically | cables, ICEPACK software, and user manuals. 

by SIGEN for the development of 8X305 based products, 

iCEPACK performance has been proven throughout a variety 

of products. Its capabilities are especially useful in real time TECHNICAL SPECIFICATIONS 


control applications. Power Requirements: 115/230VAC, 100 W 
The ICEPACK Emulator module simply plugs into the prototype Physical (CP/M System) . (Emulator) 
system 8X305 socket through a flat ribbon cable. The Height 7.5 inches 190mm 1 inch 25mm 
ICEPACK’s superior noise immunity eliminates typical pro- Width 9.5 inches 241mm _ 6 inches 152mm 
blems associated with circuit interfacing. The ICEPACK Depth 14.5 inches 368mm 8 inches 204mm 
Emulator hardware features high speed electronics supporting Weight 13.0 pounds 5.9 kg 1 pound .45 kg 
clock operation up to 10 MHz. Rugged packaging assures long 
life and reliable operation. Environmental 
Operating Temperature: O°C to +40°C 

iCEPACK software includes: Storage: -40°C to +85°C 
® Powerful screen oriented Editor for easy program 

deviopment. Cables 
® Full featured Cross Assembler supporting standard (Target System) 

Signetics mnemonics. . — 100 wire flat cable, 18 inches long 
e Powerful diagnostic Monitor enabling controlled program ex- — 20 wire fiat cable, 18 inches long 

ecution including single stepping, breakpoint setting, 

memory and register examination an modification. (CP/M System) 
* In-line assembler/disassembler for easy assembly language — 37 wire flat cable, 5 feet long 

and debug and patching. 

Enclosure 

FITS YOUR REQUIREMENTS (Emulator) 
ICEPACK is available ready to use as a system, or ready to — Anodized brushed aluminum 
interface to your floppy based CP/M system. Either way, you 
get the same powerful ICEPACK System capabilities. The | (CP/M System) 
ICEPACK System includes a Z80A based, 64K RAM, dual flop- — High impact plastic with internal shielding 
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DEVELOPMENT DATA I/O PORT PROGRAMMER 


Hardware Features 

e Real time in-circuit emulation to 10 MHz without wait states. 

e 8K words of 35ns RAM, 16 or 32-bit words. 

e Memory mapping in 1K word increments. 

¢ Compatible with 8X310 Interrupt Control Chip. 

e Trace capability includes 128 cycles of address, !V bus, RB, 
LB, WC, SC, and 3 selectable points in target system. Both 
input and output phases are traced in each cycle. 

e Downloading and Uploading capability provided. 

e |/O Port Programmer for 8X372, 8X376, 8X382. 


Software Features 

e Relocating macroassembler compatible with Signetics 
MCCAP. 

e Linking editor permits linking separately-assembled modules 
to form one load module. 

e Debugger program controls single stepping, stopping on a 
specified address, printing trace information, disasembling, 
program patching, changing register contents and memory 
management. Symbolic debug capability is provided. 

¢ Command file capability provided in the Asembler, Linking 
Editor, and Debugger program. 

e PROM formatting program available. Slices 16 and 32-bit 
words into 4 or 8-bit groups. 


TARGET SYSTEM 


PROM SOCKETS 5 


r---- 


| EXTENSION 
USER 
| INTERFACE 


EMULATOR 
EXTENSION 


32 KB 
| MEMORY 


Originally published by Signetics January 1984 


BLOCK DIAGRAM 

The block diagram shows how the 8X300/305 suppert devices 
are incorporated in an EZ-PRO system. Devices unique to the 
8X300/305 includes the AA-572-8X35 In-Circuit Emulator, the 
AA-572-8X35-M Emulator Extension and the AA-574-8X37 I/O 
Port Programmer. The Emulator Extension provides an extra 
sixteen bits of word length over the basic sixteen bits required 
for the 8X300/305 processor and may or may not be required 
in a particular development. Note that the emulator consists 
of three printed circuit board assemblies and the extension, 
two. 


The Address Control assembly incorporates trace memory 
and logic for memory mapping, stopping, and single stepping 
as well as circuitry required to communicate with the User In- 
terface and Master Processor. Each Emulator Memory 
assembly is equipped with 8K 16-bit words of 35 ns memory 
as well as interface circuitry. This memory is loaded and 
unloaded under control of the Master Processor and is ac- 
cessed by addresses generated by the 8X300/305. 


The 8X300/305 User Interface has the processor mounted 
on it along with cable termination networks, cable drivers, some 
logic and test points. Test points are provided for the three 
points which may be traced in the target system, connection 
to the 8X310 Interrupt Control Chip and oscilloscope sync. 


8X300/305 SOCKET 


8K x 16 
MEMORY j 


MASTER | 
PROCESSOR 


AA-570 
CABINET 


BLOCK DIAGRAM OF EZ-PRO CONFIGURED 
TO SUPPORT 8X300/305 DEVELOPMENT 
WITH 32-BIT WORK LENGTH 


Printed with permission from American Automation 
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The Extension User Interface is equipped with six DIP 
sockets and cables which permit connection into PROM 
sockets located in the target system. Four of the sockets are 
18 pin (for 4-bit wide PROMs) and two are 24 pin (for 8-bit wide 
PROMs). Either set of sockets and cables may be used. Pin 
outs are compatible with Signetics 825137, 185, 181, and 191 
PROM types. 


PROM programming is supported in two ways. Both require 
that PMFORM, the PROM formatting program, be utilized. After 
PMFORM has created files consisting of either 4-bit or 8-bit 
wide slices of the object program words, these files may be 
directed to a DATA I/O (or equivalent) PROM programmer con- 
nected to the RS232 printer port. Alternatively, with 8-bit wide 
slices, the AA-574-27XX EPROM Programmer may be utiliz- 
ed to write the files into 2716 or 2732 EPROMs. With ap- 
propriate off-line equipment, information in the EPROMs may 
be transferred into bipolar PROMs. 


The I/O Port Programmer consists of a printed board 
assembly, an adaptor that fits into the ZIF socket located on 
the front of the AA-570 Basic Development Unit and a program. 
After checking to see that the 8X372/376,382 is properly 
oriented in the ZIF socket and fuses are unblown, the program 
permits the desired address to be programmed into the I/O port. 


Complete checking is then accomplished including validation 


of the address and transfer of information in both directions 
through the port. 
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EZ-PRO SYSTEM ELEMENTS 
FOR 8X300/305 SUPPORT 


Model Description 

AA-570-200 Basic Development Unit 

AA-59X Dual Disk Unit 

AA-572-8X35 In-Circuit Emulator for 8X300/305 
AA-572-8X35-M Emulator Extension 

AA-562 Printer, RS232 Interface 

AA-563 Video Terminal with Screen Editor 
AA-553 PMFORM, PROM Formatter Program 
AA-574-8X37 I/O Port Programmer 

AA-574-27XX EPROM Programmer for 2716 & 2732 


Note that all required programs except PMFROM are supplied 
at no extra cost. 


303A-8X PROGRAMMING TEST ADAPTER 

The 303A-8X Programming Test Adapter is designed to pro- 
gram address fuses and activate protect fuses for Signetics’ 
I/O Ports 8X372, 8X374, 8X376, and 8X382. Error messages 
are displayed if the programmed part is defective or if am- 
biguous addresses occur during the programming procedure. 
The test adapter operates in conjunction with the Data I/O Logic 
PAK 303A-V01 and various models of the Data 1/O (System 
19, 29A, and 100A). The Programming Test Adapter is quick 
and easy to use and most Signetics’ Franchised Distributors 
provide on-site programming capabilities for customer parts. 


ECC APPLICATION NOTE 


INTRODUCTION 


The widespread use of floppy/hard disk technologies in Com- 
mercial and Military environments has created the need for 
high-speed disk controllers that are capable of both error 
detection and error-correction capabilities. At the present 
time, most disk controllers are limited to error-detection only, 
with one of the more widely used schemes being that of a 
Cyclic Redundancy generator Checker (CRC) and associ- 
ated software/hardware support. Although the CRC tech- 
nique is virtually foolproof from an errordetection point of 
view, it has no provision for error correction. With bit and 
track densities constantly on the increase, it is desirable to 
implement a reliable error-correction feature to improve the 
performance and reliability of the disk controller. 


This application note describes a software approach to error 
correction for the Signetics 8X305/8X330 based floppy disk 
controller and 8X305 based hard disk controller. A typical 
floppy disk controller system is shown in Figure 1. This error 
correction algorithm can correct up to a 9-bit single burst 
error and is fully compatible with controllers that use the 
CRC-CCITT (x'® + X'? + X° + 1) polynomial. The Signetics 
8X330 floppy disk controller chip provides some unique 
features, unmatched by other LS/ chips, which allow the 
8X305 MicroController firmware to implement the error cor- 
rection procedure. 


GENERAL SCHEME FOR ERROR DETECTION 
AND CORRECTION 


Error Detection by CRC Polynomial. The CRC scheme for 
error detection is implemented with a CRC generator. During 
transmission, a block of binary serial data passes through a 
preset CRC generator to generate the necessary and unique 
check bits for a particular block of data. The check bits are 
appended to the end of the data block. The complete data 
and check bits are then transmitted to the receiver. At the 
receiver, the complete data and check bits pass through the 
same preset CRC generator. If no errors occurred during 
data transmission, the CRC generator must have a remain- 
der of all zeros. 
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Hardware implementation of the CRC generator is simply a 
feedback shift register with EX-OR gating. Figure 2 shows 
the equivalent circuit for the CRC-CCITT (x'® + X'* + X° + 1) 
generator. The CRC-CCITT polynomial is the industry stan- 
dard used in floppy disk controllers; however, if desired, other 
CRC polynomials can be easily implemented. In any case, 
there are as many register stages as the highest order of the 
polynomial and the number of EX-OR gates is one less than 
the number of X-terms. The detection span for a particular 
polynomial equals the number of the highest order X-term. 
For CRC-CCITT, the detection span is 16 bits. 


Error Correction by Reverse CRC Polynomial. Several 
different error correction algorithms are currently used in 
high-performance disk systems. The error correction proce- 
dure described in this application note is based on the 
reciprocal polynomial algorithm. 


The reciprocal or reverse polynomial for a particular forward 
polynomial can be derived by subtracting the order of every 
X-term of the forward polynomial from the highest order of 
the forward polynomial. For example, the CRC-CCITT 
polynomial is X'® + X'? + X° + 1, hence the CRC-CCITT re- 


verse polynomial is X'© + X'' + X* +1 (i.e., X1E'8 + X11? + 


X'65 4X16) Figure 3 shows the equivalent circuit and the 
hardware implementation for the CRC-CCITT forward/ 
reverse polynomial. 


As described previously, error detection is achieved by 
examining the remainders of the CRC generation after the 
complete data and CRC check bits have passed through the 
CRC generator. A nonzero remainder indicates a read-data 
error. A nonzero remainder contains information to determine 
the error pattern and its location. Error correction is achieved 
by manipulating the nonzero remainder in a reverse CRC 
generator. 


The error correction procedure begins with the loading of the 
nonzero remainder into the reverse CRC generator in 
reverse order. The Most Significant and Least Significant Bits 


Figure 2. Equivalent Circuit for CRC-CCITT (x'® + x'? + x° + 1) 
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of the remainder are loaded into the Least Significant and 
Most Significant Bits of the reverse CRC generator, 
respectively. The DATA IN input of the reverse CRC genera- 
tor is connected to ground to provide zero data input during 
the complete error correction process. Clocking is then 
provided for the CLOCK input. The contents of the generator 
are examined for an error condition after each clock cycle. If 
the generator has “n” register stages and “m” is the desired 
single burst correction span, then the error condition is 
characterized by (n-m) consecutive zeros at specified bit lo- 
cations. The number of clock cycles needed to find the error 
pattern provides the error location information. 


ERROR DETECTION AND CORRECTION SCHEME 
FOR 8X305/8X330 BASED CONTROLLER 


Features of 8X305/8X330 Based Floppy Disk Controller. 
The following error correction scheme for 8X305/8X330 
based disk controllers requires two forward CRC generators 
(CRC1F and CRC2F) and two reverse CRC generators 
(CRC1R and CRC2R). The CRC1F generator has been im- 
plemented in the 8X330 hardware. The CRC2F, CRC1R, and 
CRC2R generators are implemented in the 8X305 firmware. 
One unique feature of the 8X330 is that the remainder in the 
internal CRC generator can be read by the controlling pro- 
cessor. This feature provides the required information for the 
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8X305 MicroController to do error correction in the firmware. 
The MOS LSI floppy disk controller implementation does not 
provide this flexibility and only generates a read error status 
flag for error detection. 


The speed of the 8X305 MicroController and its bit- 
manipulation oriented instruction set, combined with the 8-bit 
parallel CRC calculation algorithm described below allows 
the 8X305 to compute CRC for 8 bits of data input in 4 to 5 
microseconds. Thus, even with a data transfer rate of 500K 
bits/sec for a double density 8-inch floppy disk drive, the 
8X305 is fast enough to control the 8X330 and compute the 
CRC for CRC2F in software on-line, as each data byte is 
transferred between the 8X305 and 8X330 during the read 
and write cycles. 


Two Forward CRC Polynomials. The first 16-bit forward 
CRC polynomial (CRC1F) is the CRC-CCITT (x'® + x! + 
X° + 1), which is the standard polynomial used in floppy disk 
controllers. The second 16-bit forward CRC polynomial 
(CRC2F) is X'® + X13 + X12 + X19 + X84 KE 4 KS + X44 1, 
This polynomial is chosen by computer search to achieve a 
single burst correction span of 9 bits. A 16-bit CRC check 
word is generated for each of the two polynomials. These two 
16-bit CRC check words are appended to the end of the 
transmit data. The CRC-CCITT is chosen for the first 
polynomial to achieve media compatibility with old (8X300) 


MSB 


Figure 3. Equivalent Circuit and Hardware Implementation for CRC-CCITT Forward/Reverse Polynomial (x'® + x'' + x* + 1) 
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controllers without error correction capability and the 
8X305/8X330 based controller implemented with the pro- 
posed error correction scheme. A disk generated by earlier 
8X300 MicroControllers can be read by the controller with the 
proposed error correction scheme and vice versa. 


Software Implementation of the CRC2F Generator. The 


each clock cycle. The most significant bit is located on the left 
side of the generator. Left shift is used to simplify the soft- 
ware implementation, because the MSB of the data byte 
transferred between the 8X305 and 8X330 is on the left side. 
The 8-bit parallel CRC generation mechanism is shown in 
Figure 5. The initial contents of the generator are repre- 


sented by symbols “abc...nop” with “a” and “p” being the 


hardware implementation of the CRC2F generator is il- 
MSB and LSB, respectively. 


lustrated in Figure 4. The CRC2F generator shifts left one bit 
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The eight bits of data input are symbolized by “qrstuvwx”, 
with “q” being the MSB. The top part of Figure 5 is a symbolic 
representation of the eight left shift operations of the CRC 
generator shown in Figure 4, for the eight serial data input 
bits. As the first data bit “q” comes in, it is EX-ORed with the 
MSB of the CRC generator. The resuit of this operation, “q’”, 
is then fed back and EX-ORed with the outputs of several 
register stages as shown in Figures 4 and 5. Then the gener 
ator is clocked and shifted left by one bit postion. This se- 
quence of operations is repeated for the eight data inputs 
shown at the top of Figure 5. The bottom part of Figure 5 
summarizes the number of EX-OR operations required to 
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Figure 6. Steps Required for the Software Implementation 
of CRC2F 
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derive the result. The operands of the EX-OR operations are 
mostly the field, rotated field, or subfield of the byte 
“q’r's't'u'v'w'x”. This special characteristic, together with 
the 8X305 bit manipulation instruction set, permits an 8-bit 
parallel CRC calculation for a 16-bit polynomial to be accom- 
plished in 4 to 5 microseconds. Figure 6 shows the software 
steps required to implement the 8-bit parallel CRC calcula- 
tion. The first step is to derive the byte “q'r’s’t'u’v'w’x'” from 
the 8-bit data input and the initial contents of the CRC gener- 
ator by operations A, B, and C. The result is derived by a 
sequence of EX-OR operations as shown in Figure 6. The 
software implementation of CRC2F requires a total of 21 
instructions, as shown in line numbers 448 to 471 of the 
program listing. 


Two Reverse CRC Polynomials. Since the error correction 
scheme described in this application note uses the reciprocal 
polynomial algorithm, two reverse CRC generators, corres- 
ponding to CRC1F and CRC2F, are required during the cor- 
rection cycle. The two reverse CRC generators are referred 
to as CRC1R and CRC2R. 


CRC1IR = X'® + xX"? + x4 4 14 
CRO2R = xX'® + xl? + x'? + x8 + Kh + XA + XB 4 


Software Implementation of the CRCiR and CRC2R 
Generators. The implementation of the CRC1R and CRC2R 
generators in software is similar to that of the CRC2F. There 
are two exceptions: 


e During the correction cycle, the DATA IN inputs of the 
reverse CRC generators are connected to ground. 


e The reverse CRC generators shift right, so that the MSB is 
on the right-hand side, thus simplifying the software. As 
errors are detected, the error correction procedure requires 
that the nonzero remainders of the forward CRC 
generators be loaded into the reverse CRC generators in 
reverse order; that is, the MSB from the forward CRC gen- 
erator is loaded into the LSB of the corresponding reverse 
CRC generator. This process is achieved by loading the 
most significant byte of the forward generator into the least 
significant byte of the reverse generator, because the MSB 
of the forward generator is on the left side and the MSB of 
the reverse generator is on the right side. 


Figures 7 and 8 show the mechanics and steps required to 
implement the CRC1R generator of Figure 3 in software. A 
similar procedure is used to implement the CRC2R genera- 
tor. The software coding of the CRC1R and CRC2R are 
shown in the line numbers 487 through 541 of the program 
listing. 
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Error Detection Scheme. As shown in Figure 9, four CRC 
check bytes are appended to the last bit of data during the 
write cycle. The first two check bytes are derived by passing 
the data address mark and data bytes through the preset 
CRC1F generator. After accepting the data address mark 
and data bytes, the contents of the CRC1F generator are the 
two CRC1F check bytes. The two CRC2F check bytes are 
generated by applying the data address mark, the data, and 
sixteen bits of zero as inputs to the preset CRC2F generator. 


During the read cycle, the preset CRC1F generator cal- 
culates from the first bit of data address mark to the last bit of 
CRC1F check bit as illustrated in Figure 10. During the read 
cycle the data address mark, the data, sixteen bits of zero, 
and two CRC2F check bytes are input to the preset CRC2F 
generator. No error is detected if the remainders of the 
CRC1F and CRC2F generators are zeros. The types of er- 
rors associated with nonzero remainders are as follows: 


CRC1F CRC2F 
Remainder Remainder 
Zero Zero No error 
Zero Nonzero Correctable error in CRC2F check 
bytes (or uncorrectable error) 
Nonzero Zero Correctable error in CRC1F check 
bytes (or uncorrectable error) 
Nonzero Nonzero Correctable error in data bytes 


Error Correction Scheme. Once an error has been de- 
tected, the nonzero remainders of the two forward generators 
are used to determine the error pattern and location by 
loading them into the corresponding reverse generators in 
reverse order. The reverse generators are then generated 
with zero data input and checked for error conditions, as 
shown in Figure 11. The method of implementing the error 
correction scheme is illustrated in Figures 12 through 18. The 
process of locating an error starts with checking for errors in 
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Figure 11. Data Flow 


the CRC2F least significant check byte and working back- 
wards towards the first data byte of the sector. If errors are 
found in the CRC check bytes, the controller will raise a CRC 
error status flag for the host CPU to take the appropriate 
action. 


During the first two 8-bit parallel reverse generation cycles, 
only the CRC2R is generated with zero data input, the 
CRC1R generator remains idle. If errors occur in the CRC2F 
check bytes, the CRC1R should have 16 bits of zeros and the 
seven MSBs of CRC2R should be zeros during any of the 
first sixteen reverse generation clock cycles. Since the 
CRC2R software reverse generates one byte at a time, it is 
possible to miss the CRC2R error condition, because the 
error condition may occur in between the byte boundary. In 
order to solve this problem, a CHECK subroutine is written to 
monitor the error condition within the boundary limits. If the 
error condition is not found, the CHECK subroutine will swap 
the most significant and least significant bytes of the genera- 
tor to maintain the contents of the generator before getting 
into the subroutine. 
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After the second 8-bit parallel reverse generation cycle, both 
the CRC1R and CRC2R are reverse generated one byte at 
a time until the error is found or the error is determined to be 
uncorrectable. An error is uncorrectable if it cannot be found 
within 260 8-bit reverse generation cycles. In the third 8-bit 
reverse generation cycle, the procedure checks for errors in 
the CRC1F least significant byte or errors that spanned the 
CRCIF byte and the CRC2F most significant byte. The error 
conditions are eight bits of zeros for the CRC1R most signifi- 
cant byte and the CRC2R least significant byte at the byte 
boundary. If these conditions occur, a 16-bit word is formed 
by concatenating the most significant byte of CRC2R with the 
least significant byte of CRC1R, and the CHECK subroutine, 
as described previously, is used to check for seven leading 
zeros within eight one-bit rotations towards the LSB. This 
condition is required to assure that errors occur in CRC1F 
least significant check byte or between CRC1F and CRC2F 
check bytes. In the fourth 8-bit reverse generation cycle, the 
procedure checks for errors in the CRC1F check bytes. The 
error conditions are 16 bits of zeros for CRC2R and seven 
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leading zeros in CRC1R found by the CHECK subroutine. 
Errors occurring in the last data byte or errors that span the 
CRC1F most significant check byte and the last data byte are 
checked in the fifth 8-bit reverse generation cycle. The error 
conditions are zeros in the CRC2R most significant byte, a 
match of the CRC1R and CRC2R least significant byte, and 
seven leading zeros in CRC1R found by the CHECK sub- 
routine. The sixth to the two hundred sixtieth 8-bit reverse 
generation cycles check for errors in data byte 255 to the first 
data byte. The error conditions are a match in CRC1R and 
CRC2R, and seven leading zeros in CRC1R found by the 
CHECK subroutine. 


The error conditions described in the previous sections deter- 
mine when to stop the reverse generation cycle. The number 
of reverse generation cycles required to meet the error condi- 
tions are used to calculate the error location by the following 
equation: 


Error location in Record length in bytes + 4CRC 
terms of byte number = check bytes — number of reverse 
generation cycles + 1 


ERROR CONDITION: 


sea, CAC2R 
L.S. BYTE M.S. BYTE 


L.S. BYTE 
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If the error location is one, then errors exist in the first data 
byte or between the first and second data byte of the sector. 
For example, if errors exist between the first and second data 
bytes of a 256-byte sector, then the error conditions are met 
in the two hundred sixtieth reverse generation cycle. 


256 + 4 — 260 + 1 
= 1 


The error pattern is found in the CRC1R generator. Error 
correction is done by XORing the data bytes in the error 
location and error location plus one with the CRC1R least 
significant and most significant byte respectively, as il- 
lustrated in Figure 11. 


CONCLUSION 


This application note describes one unique error correction 
algorithm for the 8X305 based floppy or hard disk controller. 
The algorithm can correct up to a 9-bit single burst error. The 
error correction procedure can be implemented with approxi- 
mately 300 8X305 instructions. The worst case error correc- 
tion time for a 256-byte sector is 3.0 msec. 
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Figure 12. Reverse Generation Cycle #1 (CRCIR not reverse generated) 
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1. If errors are found in the CRC check bytes, the controller will raise a CRC error status flag for the host CPU to take the appropriate action. 
The controller will only attempt to correct errors in the data bytes. 


Figure 13. Reverse Generation Cycle #2 (CRCIR not reverse generated) 
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Figure 14. Reverse Generation Cycle #3 
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1. If errors are found in the CRC check bytes, the controller will raise a CRC error status flag for the host CPU to take the appropriate action. 
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Figure 15. Reverse Generation Cycle #4 
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“Indicates the modification from the IBM System 34 data track format. 

1. These bytes missing clock transitions between data bits 3 and 4. Data flux transition = C2, clock flux transition ~ 14. 

2. These bytes missing clock transitions between data bits 4 and 5. Data flux transitions = A1, clock flux transition = OA. 

3. CRC calculation starts at first oyte of ID address mark and ends on the sector length byte using the CRC-CCITT polynomial. 

4. The first two bytes are derived from the CRC-CCITT polynomial. The second two bytes are derived from a second 16-bit polynomial (X'® + X'3 + X12 + X'O + XB + Xe + 


X° + X* + 1). The CRC caiculation of the 1st polynomial starts at first byte of data AM and ends on last byte of data. The CRC calculation of the 2nd polynomial includes 
data address mark, data bytes and two bytes of zeros. 


. There are 26 sectors of 256 bytes. 


Figure 19. Modified IBM System 34 Data Track Format 
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Appendix A 
FLOWCHARTS 


The CRC generators used to generate four CRC check bytes during the write cycle and to 
detect errors during the read cycle have been discussed previously and are documented by 
the WRITE SECTOR and READ SECTOR flowcharts that follow. One point in the READ 
SECTOR flowchart needs clarification. The error correction algorithm calls for the CRC1F to 
stop calculation after inputting the CRC1F least significant check byte during the read cycle. 
There is a slight modification to this procedure with the 8X330 implementation. The 8X330 
internal CRC-CCITT generator (i.e., CRC1F) continues to generate up the CRC2F least 
significant check byte. That means two additional bytes, namely the CRC2F check bytes, 
are inputted to CRC1F. It is necessary to recover CRC1F remainders right after the input of 
the CRC1F least significant check byte as required by the error correction algorithm. This 
information can be recovered by loading the CRC1F remainders, which include the CRC2F 
check bytes in the generation, onto the CRC1R in reverse order, and then the CRCiR is 
generated with two bytes of zeros as shown in the READ SECTOR flowchart. At this point, 
the remainder of the CRC1R has the same information as if the CRC1F Eppes generation 
after the input of the CRC1F least significant check byte. 
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Appendix B 
PROGRAM LISTING 


The error correction scheme described in this application note has been implemented in 
software as shown in the following program listing. This error correction program works with 
the existing hardware and software of the demonstration floppy disk controller as described 
in the Signetics 8X330 Floppy Disk Controller Manual. The first part of the error correction 
program is a software patch to read and write the two CRC2F check bytes for the 
demonstration controller program. The main error correction routine is located in the second 
half of the program. The error correction program is designed to work with the IBM system 
34 data track format (256 data bytes per sector)—see illustration that follows the program 
listing. The only modification to the IBM system 34 data tract format is to add two more CRC 
check bytes to the end of the data field. With slight modifications, this program can also be 
used for other data track formats. For testing purposes additional coding has been added to 
the program to print out the contents of both CRC1R and CRC2R after each 8-bit reverse 
generation cycle. This section of codes can be deleted for the final program. 
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MCCAP 8X300/8X305 CROSS ASSEMBLER PROGRAM 


Originally published by Signetics January 1984 


The MicroController Cross Assembler Program (MCCAP) has 
been developed to support the Signetics 8X300/8X305 
MicroController. MCCAP provides many powerful features in- 
cluding macros, automatic subroutine handling, conditional 
assembly and extended instructions. These features 
significantly reduce the time required to compose and assem- 
ble MicroController programs. When combined with standard 
assembler features such as mnemonic op-codes and address 
labels, these extended features make MCCAP a powerful pro- 
gramming tool. 


As input, MCCAP accepts source code written according to 
the rules presented in this manual. After assembling the source 
input, MCCAP produces an assembly listing and machine- 
readable object module. 


MCCAP is written in ANSI standard FORTRAN IV and is 
available on the more popular timesharing services. MCCAP 
is also available as a fully supported product from Signetics 
for use on a user’s in-house system. 


MCCAP 8X300/8X305 CROSS ASSEMBLER 
PROGRAM 

MCCAP, the crossassembler program for the 8X300 and 8X305 
Micro-Controllers, is supplied as a 9-track magnetic tape con- 
taining FORTRAN IV source code for the crossassembler pro- 
gram. For compatibility with various computer systems, the 
tape is available in various combinations of density and data 
encoding. To order, use the following part numbers: 


DENSITY ENCODING 


1600 BPI ASCII | 
1600 BPI EBCDIC 


NUMBER 


8X300 AS1-3SS 
8X300 AS1-4SS 
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8X300/8X305 CROSS ASSEMBLER 


INTRODUCTION | 

The 8X300AS2 runs on an Intel Intellec™ Microcomputer 
Development System with 64K memory under the contor! of 
ISIS Il operating system. 


The 8X300AS2 is composed of a two-pass crossassembler pro- 
gram and a PROM formatter overlay. Both programs are writ- 
ten entirely in Intel 8080 Assembly language, and are assembI- 
ed on the Intel 8080/8085 Macro Assembler version 4.0, link- 
ed and located to execute in overlay. 


766 August 1985 


It assembles both 8X300 and 8X305 programs. Also needed 
is at least one single or double density disk drive with the 
PROM formatter overlay always residing in drive zero. 


The 8X300AS2 software is contained on three diskettes. 
Disks 1 and 2 contain the Single Density version and disk 3 
contains the Double Density version. Both versions will be 
shipped when ordered under this part number. 


Special purpose circuits 
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FEATURES 
e TTL inputs/outputs 


e 12MHz (Max) data rate 
e Separate preset/reset controls 


e SDLC specified pattern match 
(8X01A only) 

e Automatic right justification 

e Pin-for-pin compatibility and 
functionally identical with 8X01 
(8X01A only) 


© Vcc = 5V 
e 14-Pin DIP 


APPLICATIONS 
e Floppy and other disk systems 


e Digital cassette and cartridge 
systems 


e Data communication systems 


8X01A/9404 


CRC Generator/Checker 


Product Specification 


DESCRIPTION 

The CRC Generator/Checker (8X01A or 
9401) provides error-correction capabili- 
ties for digital systems that handle serial 
data. The two parts differ in that the 
8X01A provides Synchronous Data Link 
Control (SDLC). 


The serial data stream is divided by a 
selected polynomial; the remainder re- 
sulting from this algebraic process is 
transmitted at the end of the data stream 
as a Cyclic Redundancy Check Charac- 
ter (CRCC). At the receiving end, the 
same calculation is performed on the 
data. If the received message is error- 
free, the calculated remainder should 
satisfy a predetermined pattern. In most 
cases, the remainder is zero; however, 
where SDLC protocols (8X01A_ only) 


8X01A & 9401 PACKAGE/PIN DESIGNATOR 


N, F PACKAGE 


TOP VIEW 


ORDER NUMBERS 
N8X01A, N9401N 


* 8X01A only; for 9401, pin 6 is not connected (N/C) 


Polynomial Select Inputs 

Data Inputs 

Clock Input (Active On High-To-Low Transition) 
Check Word Enable 

Preset Input (Active Low) 

Master Reset Input (Active High) 

Data Output 

Error Output (Active High) 

Pattern Match Enable (Active Low) 


NL 


No Connection 


BLOCK DIAGRAM OF 8X01A & 9401 


NOTE: 
Refer to Truth Table on next page for selection of polynomials. 
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are used, the correct remainder is 
1111000010111000 (Xx° - x15). 


Eight polynomials are provided and any 
of these can be selected via a 3-bit 
control bus. Popular polynomials, such 
as CRC-16 and CCITT are implemented 
and the one selected can be pro- 
grammed to start with all zeroes or all 
ones. Right justification for polynomials 
of degree less than 16 is automatic. 


FUNCTIONAL OPERATION 


8X01A and 9401 

The CRC Generator/Checker circuit pro- 
vides a means of detecting errors in a 
serial data communications environ- 
ment. A binary message can be inter- 
preted as a binary polynomial H(x). This 
polynomial can be divided by a genera- 
tor polynomial P(x) such that H(x) = P(x) 
Q(x) + R(x) whereby Q(x) is the quotient 
and R(x) is the remainder. During trans- 
mission, the remainder is appended to 
the end of the message as check bits. 
For a given message, a unique remain- 
der is generated. Hardware implementa- 
tion of division is simply a feedback shift 
register with Exclusive-OR gating. Sub- 
traction and addition in modulo 2 is 
implemented by the Exclusive-OR func- 
tion. The number of shift register stages 
is equal to the degree of the divisor 
polynomial. 


The accompanying truth table defines 
the polynomials implemented in the CRC 
circuit. Each polynomial can be selected 
via control inputs So, S; and So. To 
generate the check bits, the data stream 
is entered via the Data (D) input, using 
the high to low transition of the Clock 
(CP) input. This data is gated with the 
most significant output (Q) of the shift 
register which, in turn, controls the ex- 
clusive OR gates. The Check Word En- 
able (CWE) must be held high while the 
data is being entered. After the last data 
bit is entered, the CWE is brought low 
and the check bits are shifted out of the 
register and appended to the data bits 
using external gating — see Check Word 
Generation diagram. 
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CRC Generator/Checker 


To check an incoming message for errors, 
both the data and check bits are entered 
through the ''D" input with the CWE input 
held high. The 8X01A while not in the data 
path, monitors the message. After the last 
check bit is entered, in the 8X01A, the ERror 
output is made valid by a high-to-low transi- 
tion of CP. If no error is detected during the 
data transmission, all bits of the internal 
register are low and the ERror output is also 
low; if an error is detected, it is reflected by 
the bit pattern and the ERror output is high. 
The ERror output status remains valid until 
the next high-to-low transition of CP or until 
initialized by the preset (P) or reset (MR) 
functions. The PME line must be high if the 


TRUTH TABLE 


SELECT CODE 


x16 + x44 X41 


x8 + 4 


POLYNOMIAL 


X16 + X18 + Xo +1 
x12 4 x14 x3 4X2 4K 44 CRC-12 


X8 + X74 X94 X44X 41 


X16 + X12 + XP + 4 


re ee CRC-CCITT RE- 
X16 4 x14 x4 4 4 aces 


ERror output is used to indicate an all-zero 
result. 


A high level applied to the Master Reset (MR) 
input asynchronously clears the shift register. 
A low level applied to the Preset (P) input 
asynchronously sets all bits to the appropri- 
ate state if the control-code inputs (So, Sy, 
and Se) specify a 16-bit polynomial. In the 
case of check polynomials that are 8-or-12 
bits in length, only the most significant 8-or- 
12 bits of the shift register are set; all 
remaining bits are cleared. 


8X01A ONLY 


For data communications using the Synchro- 
nous Data Link Control (SDLC) protocol, the 


REMARKS 
CRC-16 


CRC-16 REVERSE 


CRC-CCITT 


RECOMMENDED OPERATING CONDITIONS 
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8X01A/9404 


8X01A is preset to an all-ones configuration 
before any accumulation is done; this applies 
to both transmitting and receiving modes of 
operation. Using SDLC, the check sum 
shifted out of the 8X01A must be inverted. 


During the receiving mode, a special pattern 
of 1111000010111000 (x°- x"'5) is used in 
place of all-zeroes to check for a valid mes- 
sage. The Pattern Match Enable pin allows 
the user to select this option. If PME is low 
during the last bit time of the message, the 
ERror output is low providing the result 
matches the special pattern; if an error oc- 
curs, ER is high. 
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DC ELECTRICAL CHARACTERISTICS FOR 8X01A 


DESCRIPTION TEST CONDITIONS' 


a4 
[Von | Outpt gh vonage | voo=Min love a0oua «day | aw || 
Ere ae a 

nee 

= ae | mA | 

rE ueee 

Ta] 


Voc = Min, lin =-18MA 


VoL 


lip Input low current 


Input high current 


Voc = Max, Voyt = 0V? -10 
Vcc = Max, inputs open ae 


Output short circuit current 


Supply current 


LIMITS 
DESCRIPTION TEST CONDITIONS' UNIT 
Input high voltage Guar. input high voltage 2.0 eee es 
Input low voltage Guar. input low voltage 0.8 
Input clamp diode voltage Voc = Min, lin =-18mMA —1.5 
Vou Output high voltage Voc = Min, Ion = —400uUA 2.4 3.4 - 
Voc = Min, Io, = 4.0mMA 0.35 0.4 V 
VoL Output low voltage 
Veco = Min, Io, = 8.0mA 0.45 V 
hie Input low current -0.22 
iH Input high current 
ee ae short circuit cur- Voc = Max, Vout = 0V 45 _ -100 se 
loc Supply current Vcc = Max, inputs open ee oe 110 


NOTES: 
1. Commercial — Voc(MIN) = 4.75V; Voc(MAX) = 5.25V. 
2. No more than one output should be shorted at a time. 
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AC ELECTRICAL CHARACTERISTICS FOR 8X01A Vcc = 5V, Ta = +25°C 


PARAMETER DESCRIPTION 


Pulse widths: | 

ty — CP(L) Clock low See Figure 2 35 ns 
ty — P(L) Preset low See Figure 3 35 ns 
tw - MR(H) Master reset high See Figure 4 35 ns 


Set-up/hold times: 

t,-D Set-up time Data 55 ns 
ts - CWE(L) Set-up time CWE See Figure 5 55 ns 
th-D & CWE Hold time Data & CWE 0 ns 


Propagation delay: 


tPLH,PHL Low-to-High and See Figures 55 ns 
High-to-Low PRESET 1,2,&3 

tPLH,PHL Low-to-High and See Figure 4 55 ns 
High-to-Low Master reset 

tPLH,PHL Low-to-High and See Figure 3 55 ns 
High-to-Low PRESET 

tPLH,PHL Low-to-High and See Figure 4 55 ns 
High-to-Low Master reset 

tPLH,PHL Low-to-High and See Figure 2 55 ns 

| High-to-Low CP 

tPLH,PHL Low-to-High and See Figure 2 55 ns 

High-to-Low CP 


AC ELECTRICAL CHARACTERISTICS FOR 9401 Vcc =5V, Ta = +25°C 


TEST 
CONDITIONS 


PARAMETER DESCRIPTION 


Pulse widths: 


c 
< 
= 


nN 
oS 
= 
— 
N 


ty -— CP(L) Clock low See Figure 2 
tw — P(L) Preset low See Figure 3 
tw — MR(H) Master reset high See Figure 4 


_ 
mo wo pars 
so 5 
AAD 


Set-up/hold times: 

ts -D Set-up time . 35 ns 
ts - CWE Set-up time CWE See Figure 5 35 ns 
th-D & CWE Hold time Data & CWE -8 ns 


Propagation delay: 


teLH,PHL Low-to-High and PRESET See Figures 40 60 ns 
High-to-Low 1,2,&3 

tPLH.PHL Low-to-High and Master reset See Figure 4 30 55 ns 
High-to-Low | 

tPLH.PHL Low-to-High and PRESET See Figure 3 40 60 ns 
High-to-Low 

tPLH,PHL Low-to-High and Master reset See Figure 4 40 60 ns 
High-to-Low 

tPLH,PHL Low-to-High and CP See Figure 2 | 30 55 ns 
High-to-Low 

tPLH,PHL Low-to-High and CP See Figure 2 40 60 ns 
High-to-Low 


See Fig. 3 & 4| 35 25 ns 


December 4, 1985 . 772 


Signetics Logic Products . Product Specification 


CRC Generator/Checker 8X01A/9401 


TEST CIRCUIT INPUT/OUTPUT STRUCTURES 


ALL INPUTS, EXCEPT CP OUTPUT STRUCTURE 


1. Diodes are 1N3064 or equivalent. 
2. Cy includes jig and probe capacitance. 


DATA PLUS 
CHECK BITS 


r MR z|—o! 
BXO1AOR g 
9401 CRC 
cp GEN CHECKER 
cw 
NOTES: 


1, Check Word Enable is HIGH while data is being clocked: it is LOW during transmission of check bits. 
2. The 8X01A (or 9401) must be RESET or PRESET before computation. 
3. CRC check bits are generated and appended to data bits. 
Figure 1. Check Word Generation 


DATA 
INPUT 


CLOCK 


CHECK WORD 
ENABLE (NOTES 
1 AND 3) 


L003770S 


TEST CIRCUITS AND WAVEFORMS 


pe REC +4 
{ 
| 
| 
| 
| 
| 
QorER — teLH . cp — x 1.3V 


WF11210S WF 112308 


Vu = 1.3V for 74S; Vij = 1.5V for all other TTL familes. Vu = 1.3V for 74S; Vy = 1.5V for all other TTL familes. 


Figure 2. Propagation Delay — CP to Q and CP ER Figure 3. Propagation Delay —P to Q and ER; 
Recovery Time —P to CP 


WF 11220S 
WF11200S 


Vu = 1.3V for 74S; Vy = 1.5V for all other TTL familes. Vu = 1.3V for 74S; Vi = 1.5V for all other TTL familes. 
The shaded areas indicate when the input is permitted 
to change for predictable output performance. 


Figure 4. Propagation Delay — MR to Q and ER; Figure 5. Set-up and Hold Times —D to CP, 
Recovery Time — MR to CP CWE to CP, and PME to CP 
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FEATURES 
e 10-Bit Address Generator (1024 
Microinstruction Addressability) 


e Operating Frequency Exceeding 
12 MHz 


e Direct Branching Over Full 
Address Range 


e Conditional Branching 
e Subroutine Branching Capability 
e 4-Level Stack Register File 


8X02A 


Control Store Sequencer 


Product Specification 


e Locp Control Facility Using Stack 
e Three-State Address Outputs 


PRODUCT DESCRIPTION 

The Signetics 8X02A Control Store Se- 
quencer generates addresses to access 
instructions from a microprogram memo- 
ry (contro! store). This high-speed de- 
vice provides an efficient means of con- 
trolling the flow through a microprogram 


8X02A PACKAGE AND PIN DESIGNATIONS 


N PACKAGE 


ORDER NUMBER 


N8X02AN 
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PIN NO. IDENTIFIER 


1, 28, 27 ACo-ACp Inputs used to select any one of eight Address Control 
Functions - see Table 1. 


3-6, Ao-Ag 


7 GND 
Bo - Bg 


Ground 


22 Vcc Supply voltage. 
25 CLK 
26 TEST 


775 


Enable three-state address outputs (Ag ~ Ag); active-low input. 


Three-state address outputs used to specify microprogram address; 
(Ao = LSB, Ag = MSB). 


Branch address inputs: (By = LSB, Bg = MSB). 


Clock input (positive edge used for all triggering). 


Active-high condition input used to determine conditional skips, 
branches, subroutine calls, and loop termination. 


with a powerful set of sequencing func- 
tions. The 8X02A can directly address 
up to 1024 microinstructions; however, 
the total address space can be ex- 
panded by adding conventional paging 
techniques. Combined with memory, the 
8X02A forms a powerful control section 
for CPU's, controllers, test equipment, 
and other microprogram-controlled sys- 
tems. 


FUNCTION 
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JUEREEEBBE 


8X02A 


ADORESS 
OUTPUT DRIVERS 
(THREE-STATE) 


C30 
C4) 
C5) 
C6) 
C8) 
C9) 
C10) 
C11) 
C12) 
C13) 
C2) 


STACK 
MULTIPLEXER 


8002310S 


Figure 1. 8X02A Control Store Sequencer — Functional Block Diagram 


FUNCTIONAL OPERATION 

As shown in Figure 1, the data appearing on 
the address output pins (Ag — Ag) is the con- 
tents of the 10-bit Address Register. On the 
rising edge of the clock input pulse (CLK), a 
new address is latched into the Address 
Register. This new address is supplied via the 
Address Multiplexer which selects one of five 
sources: 

®@ Branch Address Input (Bo - Bg) 


® Current Address + 1 


® Current Address + 2 (for the SKIP 
function) 


® Stack Register File (most recent entry) 
@ All Zeroes (RESET) 


The selection of the next address is deter- 
mined by the ‘Address Control Function'' 
specified by inputs ACp - AC2 and the TEST 
input. Table 1 defines the eight Address 
Control Functions. 


The ''Reset'' (RST) Address Control Function 
unconditionally forces all Address Register 
bits to zero on the rising edge of CLK. 
Sequential microprogram flow is provided by 
the ''Increment'’’ (INC) function which uncon- 
ditionally increments the Address Register by 
one for each clock cycle. The Address Regis- 
ter automatically wraps around from the high- 
est address (all ''1s'') to the lowest address 
(all Os"). 


As shown in Table 1, the TEST input is used 
to conditionally execute four of the eight 
Address Control Functions. If the TEST input 
is low (false), the Address Register is simply 
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incremented by one — (for the BLT function, 

the Stack Pointer is also decremented). If the 

TEST input is high (true), the sequencer 

executes one of the following: 

® Skip (TSK) — the Address Register is 
incremented by two. 


e@ Branch (BRT) — the Address Register is 
loaded from the 
Branch Address Inputs. 


@ Branch-to-Subroutine (BSR). 
® Branch-to-Loop (BLT). 


The Stack Register File holds up to four 10-bit 
addresses and operates in the Last-In/First- 
Out (LIFO) mode. A Stack Pointer keeps track 
of the next register of the Stack File to be 
written into; the pointer is incremented after 
each "push" and decremented after each 
"pop'' — see Table 1. When branching to a 
subroutine (BSR), the return address (current 
address + 1) is ''pushed'' onto the stack and 
the branch address input is loaded into the 
Address Register. To return from a subrou- 
tine, the "POP" function pops the return 
address off the stack and loads it into the 
Address Register. 


The '’Push-for-Looping'' (PLP) function may 
be specified in the first instruction of a loop to 
"push" the current address onto the stack: 
the Address Register is incremented. A 
"'Branch-to-Loop" (BLT) function placed at 
the end of the loop ''pops'’ the stack and 
conditionally branches to the top-of-loop ad- 
dress, depending on the TEST input. If the 
test for repeating the loop is satisfied (TEST 
input high), the sequencer causes a branch 
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back to the first instruction of the loop in 
which the top-of-loop address is ''pushed"” 
back onto the stack. If the test fails (TEST 
input low), the top-of-loop address is dis- 
carded, the stack pointer is decremented and 
the Address Register is incremented. A com- 
bination of subroutines and loops may be 
nested up to four levels deep. 


In abnormal circumstances, the Stack Pointer 
will wraparound from the fourth to the first 
register of the Stack File and vice-versa. If the 
stack is full (four addresses currently stored), 
an additional ''push'' causes the first (oldest) 
entry to be overwritten — (the four most re- 
cent entries are always maintained). If the 
stack is empty, a ‘'pop’’ will access the fourth 
register of the Stack File; however, the con- 
tents of this register may be unpredictable. 


The three-state address outputs (Ag — Ag) are 
controlled by a common enable input (EN). 
When the enable input is high, the output 
drivers are placed in the high-impedance 
State allowing alternative access to the micro- 
program memory. Other circuit functions are 
unaffected by EN. 


NOTE 


To implement a RESET externally it is neces- 
sary to force all Address Control Inputs 
(ACyp - ACz) to the high state until at least 
one rising edge of CLK has occurred. If the 
AC inputs are supplied directly from the 
microprogram memory, a RESET may be 
accomplished by disabling the memory out- 
puts. Pullup resistors should be provided to 
achieve the required high voltage level. 
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Table 1. Address Control Functions 


CONTROL LINES STACK 


POINTER 


MNEMONIC AND 
DESCRIPTION 


NEXT ADDRESS STACK OPERATION 


Current address + 1 
Current address + 2 


No change 
No change 


| No change 
No change 


TSK - Test and skip 


INC Current address + 1 No change 


- Increment No change 


Current address + 1 


BLT -Branch to loop if 0 6) “POP (ignore data) Decrement by 1 
test condition is true 0 1 0 1 From stack register file | POP (read) Decrement by 1 
POP -Pop stack (return 1 1 X From stack register file | POP (read) Decrement by 1 
from subroutine) 
BSR - Branch to subroutine if 1 0 Current address + 1 No change No change 
test condition is true 1 { Branch address inputs | PUSH (write current Increment by 1 
Bo - Bg address + 1) 
PLP -Push for looping 1 1 x Current address + 1 PUSH (write Increment by 1 
current address) 
BRT - Branch if test condition 1 1 0 0 Current address + 1 No change No change 
is true 1 1 0 1 Branch address inputs | No change No change 
Bo - Bg 
RST -Reset address to zero 1 All zeroes No change 


X = Don't Care 


ABSOLUTE MAXIMUM RATINGS 


~ PARAMETER RATING 


Power supply voltage +7 
input voltage +5,5 
Off-state output voltage +5.5 
Storage temperature range -65 to +150 


DC ELECTRICAL CHARACTERISTICS Conditions: Commercial - Vcc = 5.0V (+5%), 0°C <Ta < 70°C 


LIMITS 
Min Typ! Max 


DESCRIPTION TEST CONDITIONS UNIT 


High level input voltage 
Low level input voltage 


Input clamp voltage Voc = Min; |) =—18mA 


High level output voltage Voc = Min; lon = -2.6mA 


Low level output voltage Voc = Min; lo, = 8MA 


Voc = Max; V; = 5.5V 


Input current at 
maximum input voltage 


High level input current: 
AC2-ACo, TEST, CLK Voc = Max; Vi = 2.7V 


By-Bo, EN” 


Low level input current: 
AC2-ACo, TEST, CLK Voc = Max; Vip = 0.4V 


Bg - By, EN 
Short circuit output current? 


, High-Z state output current — _ ‘ “ 
high level Voc = Max; Von = 2.7V — 


ir) 
oS 


nN 
o 


' | ~ 
lila " ’ : : 
| 
: ° ° gC ° 
| 


High-Z state output current - 4 . 
low level Voc = Max; Voy = 0.4V 


I 
ho 
(o>) 


Supply current Vcc = Max 170 250 


WOTES: 
1. Typical limits are: Voc = 5.0V and Ta = 25°C. 
2. For purposes of testing, not more than one output should be shorted at a time. 
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AC ELECTRICAL CHARACTERISTICS Conditions: Commercial - Vcc = 5.0V (5%), 0°C <Ta < 70°C 


Loading - See Test Loading Circuit 
PARAMETERS’ 
| From | to | min | Typ? | Max 
Pulse width: 
tcw Clock cycle time f CLK tT CLK 


ee ee ae 


UNIT 


| tem Clock iow ck | tk | ts | |e 


Propagation delay: 
tp_z Low to high-Z 


tpHz High to high-Z 
tpz, High-Z to low 


Set-up/hold times: 
F Function set-up time 


NOTES: 

1. Parameter definitions are illustrated in the Timing Diagrams- See Figure 2. 

2. Typical limits are: Voc = 5.0V and T, = 25°C. 

3. tha is the minimum time the current address outputs remain stable before changing. This delay may be used to provide some of the hold times required for the 
AC, B, and TEST inputs, if these inputs are determined by the microprogram memory addressed by the 8X02A. 

4. This data supercedes the November, 1980 edition of this data sheet. 
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TIMING DIAGRAM 


> ____——_§ 
-  .  Semrrecmccmianc® . 
eS ee 
Jo tex mf tna of 
Jo ter epee toe -of 


bel alee 


WF 11240S 


a. Clock Synchronization 


LEGEND: 


a 


btn —o} eee eee ees Vijj//A, —DENOTES CHANGING DATA 
l i aaa 


BRR — DENOTES THE HIGH-Z STATE 


WF 11480S 


WF11250S 


b. Output Enabie 


Figure 2. Timing Diagrams 
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AC VOLTAGE WAVEFORMS AND TEST LOADING | 


PROPAGATION DELAY (Typical Example): 


OUTPUT Vou 
(S9&S2 mae ee re cee ee ew +1.5V 
Closed) Vor 


WF 11260S 
NOTE: 
Pulse widths and setup/hold times are measured using the same Voc 
reference points shown in the above waveforms. 
R, 
OUTPUT ENABLE TIMES (Three-state outputs): TEST POINT ‘ 


+3V 
OUTPUT ENABLE CONTROL 
(Active-L ow Input) 


= 4.5V | 
OUTPUT GOING LOW 
(S1 Closed, S2 Open) “> a eee eee +1.5¥ 
| Vou 
' Vou c 

diag tie- cnt” es Shrreterse eee pre L 

(S1 Open, S2 Closed) : soe 
=OV 


S1 (OPEN FOR t,,,,) 


FROM OUTPUT 
UNDER TEST 


$2 (OPEN FOR t,.,) 


OUTPUT ENABLE CONTROL 


(Active Low input) aa 


TCC3640S 


OUTPUT LOW Sa! 
(S81 and S2 Creed) 


NOTES: 

1. C, includes probe. and jig capacitance. 

2. All diodes are 1N3064 or equivalent. 

3. Switches S1 and S2 are both closed for all measurements except Output 
Enable times — See AC VOLTAGE WAVEFORMS. 


OUTPUT HIGH 
(S1 ano $2 Closed) ay 


WF 133708 


Neate re omen i ARR TARA fe ef ARTE: Nt ne iste enti sty Re ARN een NTRS UT 
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APPLICATION 


FUNCTIONAL DESCRIPTION 

Figure 3 shows a typical configuration of an 
8X02A-based control section in a CPU appli- 
cation. Microinstructions read from the mem- 
ory are used to produce control signals for 


rd 
OQ «& 
p= Ud 
gu 
! MEST eM ox & ad WG tors 
! x< pm 
| ok 6 
| zu 
© 
© 
Bo- 


a 3 


MULTIPLEXER 


the CPU and to determine the next microin- 
struction via the 8X02A Address Control in- 
puts (ACg - ACo). In the case of a conditional 
branch or skip, the status condition applied to 
the 8X02A TEST input is selected according 
to the microinstruction. In a branch-type mi- 
croinstruction, a branch field typically supplies 
the 8X02A Branch Address inputs (Bg — Bg). 
(In non-branching instructions, this field may 


MICROPROGRAM 
MEMORY 
(ROM / PROM /RAM) 


EXTERNAL 
RESET 


STARTING ADORESS OF MICRO- 


PROGRAM YO EXECUTE DECODED 


MACROINS TRUC TIOM 


MACROS TRUC TION 
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contain other CPU control information.) When 
a macroinstruction is presented to the CPU, 
the starting address of the microprogram 
routine which executes the macroinstruction 
is presented to the Branch Address inputs. 
Similar configurations may be used for other 
applications in which the Branch Address 
inputs are typically supplied directly from the 
microprogram memory. 


BRANCH FIELD OF 
RCROIWWS TRUC TION 


BD02160S 


Figure 3. Control Section of a Microprogrammed CPU 
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DESIGN FEATURE 

e Intelligent bidirectional bus 
repeater with self-generating or 
external control 

e Eight independent channels 


e Open-collector outputs (meets 
DEC UNIBUS* specifications) 

e TTL compatible 

e High speed (30-nanoseconds 
max) 

e Expandable to any number of 
bits 

e High input impedance for every 
operating value of Ve, 

e Low input current (less than 100- 
microamperes); high output 
current (up to 70-milliamperes) 

e 0.6 in. 24-pin DIP 

e +5V supply 


USE AND APPLICATION 
e Minicomputers 


e Microcomputers MOS/Bipolar 
e Communications 

e Signal buffer 

e Bus fan-out extensions 

e Distributed processing 


e Bidirectional bus connector/ 
isolator 


PRODUCT DESCRIPTION 

The Signetics 8X41 Autodirectional Bus 
Transceiver is a general purpose asyn- 
chronous device ideal for system bus 
expansion applications. The 8X41 con- 
sists of eight data channels, each with 
one pair of terminals (A; and B)); each 
data channel can be operated indepen- 
dently. 


The device requires no external controls 
since all intelligence is internally gener- 
ated; thus, operation of the device is 
completely autonomous. The first logic 


8X44 
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low signal that occurs on one channel 
terminal (A; and B;) will be repeated on 
the corresponding terminal (B; or Aj) of 
the same channel. 


The 8X41 is designed for use in open- 
collector bus systems where high speed 
and low-current inputs/high-current out- 
puts are required. In system configura- 
tions, the discrete capabilities of the bus 
transceiver can be expanded by parallel 
connection to service any number of 
bits. To provide reliable operation and 
integrity of data transfers, all channels 
are disabled by an on-chip power moni- 
tor whenever Vcc falls below approxi- 
mately 4V. 


FUNCTIONAL OPERATION 

The 8X41 (Figure 1) consists of eight 
functionally independent yet logically 
identical channels. Each channel con- 
sists of two bus terminals (A; and B)); 
each terminal is internally connected to 
an open-collector driver and a_ high- 
impedance receiver. The monitoring 
state of each channel is defined when 
both terminals (Aj and B;) are "high"; in 
this state, the internal logic of the 8X41 
continually examines the A and B bus 
signals to determine signal direction — 
A; to B; or Bj to Aj. A low signal occurring 
at either of the two terminals causes the 
open-collector driver on the opposite 
terminal to follow suit; hence, the signal 
is repeated by the 8X41. For each chan- 
nel, latches L1 and L2 determine signal 
direction. As shown in the truth table for 
these latches, there is no transmission 
of data when both signals are low; 
however, this condition should never 
occur during normal system operation. 


The internal automatic direction control 
can be overridden by either or both of 
the common disable inputs — DBA and 
DAB. When DBA is driven low 

(DAB = high), the B; to A; path is inter- 


*Trademark of the Digital Equipment Corporation 
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rupted and the device becomes a unidi- 
rectional repeater in the Aj to B; direction 
only. With these conditions reversed 
(DAB = low and DBA = high), the A; to B; 
path is interrupted and the chip functions 
as a unidirectional repeater in the B; to A; 
direction. When both control signals are 
low, data passage is inhibited in both 
directions. Refer to the I/O truth table 
for all possible input/output conditions. 


8X41 PACKAGE/PIN 
DESIGNATIONS 


N PACKAGE 


CD07500S 


ORDER NUMBER 
N8X41N 


IDENTIFIER 
1 Vec 


3, 5, 9, 11, Ag-Az 
14, 16, 20 
and 23 


FUNCTION 
+5V power 


A-bus input/ 
output 


2, 6, 8, 12, 
13, 17, 19 
and 24 


B-bus input/ 
output 


4, 10, 15, 
and 21 


7 & 18 


Circuit ground 


Input/output 
control 


22 No connection 
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—— FUNCTION 
aes o-- Data transmission 
et ie Alba 
cc Oe 
| aaa 
Mode a 
ee See 
“2 @-» 
eae (ee | i= Channel 0, 1, 2, 3, 4, 5, 6, or 7 
mC mes eG A,» B) = Data transmission from A; to B; 
Bates aes A\< Bj = Data transmission from B, to A; 
Oe es 
ee ee eae 
me Gof mms AT GHES 
eee Cnn noe | DIRECTION OF DATA 
ee Monitoring state 
CICOLLECTOR: 
DAIVER B; to Aj 
en vec No transmission 


LOAD CIRCUIT FOR OUTPUTS 


FROM OUTPUT 


EEE TE, SEO EIED 
ees 
UNDER TEST 
“—e : 
DECTECTOR 


8D02340S 


Figure 1. Logic Diagram of 8X41 


TCO03390S 


INPUT/OUTPUT TRUTH TABLE 


INPUT SIGNALS OUTPUT DRIVER SIGNALS 


EXTERNAL CONTROLS 


| 


' 


o 
> 
@ 


mreoeoeer rrr rrrit 
Pelee er ee ee 
<xEDoer-rtrereOetirr 
pee Ce came? Ad pac a sel? We pace a Oe 
oo ee ee, er 
TIITIITITIITIIrFrHeTITere 


NOTES: 

Aj = External signal 
AD; = Output A driver 
Bj = External signal 
BD; = Output B driver 
X = Don't care 
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DC CHARACTERISTICS Vcc = 5V (£5%); Ta =0°C to 70°C 


PARAMETER 
V Bus output low voltage (driver lo, = 70mA; 
OL ON) Voc = MIN 
*V 


LIMITS 


oO 
n 


TEST CONDITIONS UNIT 


Typ 


Bus input threshold voltage (driver 
B OFF) 


Vin (DBA, High level input 
DAB only) voltage 


DAB only) voltage 


Voc = MIN 
Power ON/OFF 
PD detector threshold 
voltage 
(DBA, High level input Voc = Max 
DAB only) current Vin = 2.7V 
(DBA, = 
AB onl 


ah 
~J 


| 
bt 
oa 


NO 
io) 


Low level input Voc = Max 

y) current Vin = 0.4V 
Voc = Max 

Ve = 2.5V* 


I 
oO 
‘iL 
a 
> 


1.3 
2.0 
a7 


Bus input current 
(driver OFF) 


a 
A) 
on 


Bus leakage current 
(power OFF) 


=) 

-) 
i. 

> 


Voc = Max; 

Ao — A7 = Low or 
Bo - B7 = Low and 
DBA = DAB = High 


loc Supply current 


NOTE: 
"Vg = Vaus 


AC CHARACTERISTICS Vcc = 5V (5%); Ta = 0°C to 70°C 


PARAMETER DESCRIPTION 
1 
popenion coy | gh S| gh, | ADH 


High A; High BD, | DBA = Low; 
High AD; | DAB = Low; 


a 
” 


Propagation delay 
t Recovery time (see 
timing diagram) 


NOTES: 

A, = External signai 
AD; = Output A driver 
B, = External signal 
BD; = Output B driver 


=) 
w 
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8X41 TIMING DIAGRAM 


Aj (EXTERNAL) 


Boi (OUTPUT 
6 ORIVER) 


BYEXTERNAL) 


Aoi (OUTPUT 
A DRIVER) 


Aj (EXTERNAL) 3V 


' ; Oo er ce cee ee ce cs ee ae ee ND ED OD SE SD SD ED OD SE SNE SU SD SU ETD GED SE EH SEN CD aenS EE © Ov 
CONDITIONS: ' ' 
OBA = LOW —e] tor fe— >} ton 
OReS aGn 8D) (OUTPUT B 
DRIVER) VOH 
oe nan eae ie, Sem eee eres ise cr, ses San ee cre cei soem Sa iene ins a Sas So 8 VOL 


CONDITIONS: 
OAB = LOW 
8 = LOW 


ADj (OUTPUT A 
DRIVER) 


CONDITIONS: 
OBA = LOW 
Aj = LOW 

VOn 


80) (OUTPUT 8 


ORIVER) VOL 


Bj (EXTERNAL) 
CONDITIONS: 
OBA = HIGH 
DAB. = tow ADj (OUTPUT A 
DRIVER) 


WF11000S 
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USING THE 8X41 IN A BUS-SHARED CONFIGURATION 


ARBITER 
(Note 1) 


PERIPHERAL 
CONTROLLER 


8D02190S 


NOTES: 
1. The bus-control logic can be handled as shown here, integrated in each system module, or externally situated. | 
2. The A-port and B-port of the 8X41 are transparent to external connections, that is A; - A7 can be connected to the |/O bus and Bg - B7 can be connected to the internal bus, and vice- | 


versa. 
3. Refer to Truth Tables adjacent to Figure 1 for data control capabilities. 


INTERFACING 8X41 TO IEEE 488 BUS 


8 DATA LINES 
WITH PULL -UP 
RESISTORS TO Voc 


i 


RSs SECONDARY } 
8 CONTROL LINES poe COMMANDOS | 
WITH PULL-UP Re SRO | UMIVERSAL 


: B 1 | | 
- . : bos ' 
RESISTORS TO Vcc Be COMMANDS j 
Se - G ee OTHER ! 
Be COMMANOS, 
Bx WAFO @ | 
Re Le woac on 
: | AS MANY AS 961 DEVICES Cars| 
Y. v 
SYSTEM OR CONTROLLER Be AERIS TEENIE ( se conmecten To THe aus.aus | 
BBE 
Bh02200S 
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FEATURES 
e 12-Bit FIFO Address Generator 


e Data Rate Exceeding 8MHz 


e Asynchronous Read/Write 
Operations 


e Three-State Address Outputs 
e User-Defined Word Width 


e Specifically Designed for Use 
with High-Speed Bipolar RAMs 
(Adaptable fcr Use with MOS 
RAMs) 


e TTL Input and Output 
e 16mA Address-Drive Capability 


USE AND APPLICATION 
e Interface Between Independently- 
Clocked Systems 


e Buffer Memories for Disk and/or 
Tape 

e Data Communication 
Concentrators 

e CPU/Terminal Buffering 

e DMA Applications 

e CRT Terminals 


PRODUCT DESCRIPTION 

The Signetics 8 x 60 FIFO RAM Control- 
ler (FRC) is an address and status gen- 
erator designed to implement a_ high- 
speed/high-capacity First-In/First-Out 
(FIFO) stack utilizing standard off-the- 
shelf RAMs — see Applications on the 
last page of this data sheet. The FRC 
can control up to 4096 words of buffer 
memory; intermediate buffer sizes can 
be selected—refer to the memory 
length table on the next page. Built-in 
arbitration logic handles read/write op- 
erations on a first-come/first-served ba- 
sis. 
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As shown in Figure 1, the FRC consists 

of: 

e A 12-Bit Write Address Generation 
Counter (Counter #1) and a 
12-Bit Read Address Generation 
Counter (Counter #2). 


e A 12-Bit Up/Down Status Counter 
(Counter #3). 


e Twelve Three-State Address 
Drivers. 


@ Control Logic. 


The two address counters, #1 and #2, 
respectively, are used to generate write 
and read addresses; the outputs of 
these counters are multiplexed to the 
three-state address drivers. Counter #3 
generates full, empty, and half full 
status. 


FUNCTIONAL OPERATION 

The FRC operates in either of two basic 
modes — write into the FIFO buffer 
memory or read from the FIFO buffer 
memory. These two operations are de- 
scribed in subsequent paragraphs and 
the complete sequence is summarized 
in Table 1. Typical Write/Read timing 
relationships, arbitration logic, and chip- 
enable control are shown in the Timing 
Diagrams. 
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PACKAGE AND PIN DESIGNATOR 


N, FQ PACKAGE 
ves [7 | [28] voc 
ano [2] Ao 
ai [3 ay 
36 [a] [25] Az 
neser [7] oe 
ce [6] [23] Aa 


FULL 


8X60 
FIFO RAM 


CONTROLLER 


HALF FULL 


EMPTY’ 


TOP VIEW 


| 
ORDER NUMBERS 
| 


N8X60N, RB8X60F 


PIN IDEN- FUNCTION 
NO.  TIFIER 

1 Ves Supply voitage for internal 
circuits. 

2, 14, GND Circuit ground. 

21 

3 Si Shift-In request for write 
cycle; active-low input. 

4 Yo) Shift-Out request for read 
cycle; active-low input. 

5 RESET Active-low master reset 
input. 

6 CE Active-low chip enable 
input. 

Z WRITE Write cycle address vaiid; 

active-low output. 

8 READ Read cycle address valid; 
active-low output. 

9 FULL Memory full status output; 
also, override input 
capability. Active when 
high. 

10 HALF Memory half-full status 

FULL output, active-high. 

11 EMPTY Memory empty status 
output; also, override input 
capability. Active when 
high. 

12 LS1 Least significant bit (LSB) 
of the memory length 
select input. 

13 1S2 Most significant bit (MSB) 


of the memory length 
select input. 
15-20 Ai;~-Ag Three-state address 
22 ~ 27 outputs: Ag = LSB. 
28 Voc Supply voltage. 


Signetics Logic Products Product Specification 


FIFO RAM Controller (FRC) 8X60 


i on ce ctr rnc ERG 
ae et cal ee nce ee eee net een SN oe ee saneeenttnnenneenneN erst tet ins weenie rncnliie EMPTY 


a rnrrnnennnen——eetim ALF FULL 


in ns te en et nts ee emt te eee Ae ernememanay en eaererennamnnreceediaam ELIE t 


THREE-SYATE 
ADORESS 
ORIVERS 


COUNTER #3 
(STATUS) 


AOODRESS . y sa SE a 
MULTIPLEXER 


COUNTER #t 
(WRITE 
ADORESS 

GENERATION) 


COUNTER #2 
(READ 


AODRESS ” 
GENERATION) 


Figure 1. 


FIFO BUFFER MEMORY — 
WRITE CYCLE 


To perform a write operation, SO must be high 
and Si must be low. When these conditions 
exist and other control parameters (Table 1) 
are satisfied, the write address in Counter #1 
(Figure 1) is output to the address bus via the 
multiplexer and WRITE output goes low. 
(Note. Normally, the WRITE output goes low 
after the address output becomes state — 
refer to WRITE Cycle Timing Diagram. The 
WRITE output may then act as a write or chip 
enable for the RAMs that are used to imple- 
ment the memory. 


When the write cycle is ended (SI is forced 
high), the WRITE output goes high, the 
address output buffers return to a high-imped- 
ance state. Counter #1 (Write Address Gen- 
eration) and Counter #3 (Status) are both 
incremented, and Counter #2 (Read Address 
Generation) remains unchanged. 


FIFO BUFFER MEMORY — READ 
CYCLE 


To perform a read operation, Si must be high 
and SO must be fow. When these conditions 
exist and other control parameters (Table 1) 
are satisfied, the read address contained in 
Counter #2 (Figure 1) is output to the ad- 
dress bus and the READ output goes low. 


When the read cycle is ended (SO is forced 
high) the READ output goes high, the output 
buffers return to a high-impedance state. 
Counter #2 (Read Address Generation) is 
incremented. Counter #3 (Status) is decrem- 
ented, and Counter #1 (Write Address Gen- 
eration) remains unchanged. 
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Functional Block Diagram of FIFO RAM Controller 


MEMORY LENGTH 


HALF LENGTH 


CONTROL LOGIC 

To prevent the possibility of operational con- 
flicts, SI! and SO are treated on a first-come/ 
first-served basis; these two input signals are 
controlled by internal arbitration logic — refer 
to the applicable Timing Diagrams and AC 
Characteristics for functional and timing re- 
lationships. If one cycle is requested while the 
other cycle is in progress, the requested cycle 


will commence as soon as the current-cycle . 


is complete (provided other control parame- 
ters are satisfied). 


As shown in the accompanying diagram, the 
buffer length of the FIFO memory can be 
hardware-selected via the Length Select 
{LS1, LS2) Inputs. When less than the maxi- 
mum length is selected, the unused high- 
orde;y bits of the address outputs are held in 
the high-impedance state. 


Generation of the status output signals (HALF 
FULL, FULL and EMPTY) is a function of the 
Length Select (LS1, LS2) inputs and the 
current state of Status Counter #3. In gener- 
al, the status outputs reflect the conditions 
that follow: 

@ HALF FULL — this status output signals 
goes high on the positive-going edge of 
SI if the MSB of the selected length of 
Counter #3 becomes a ''1"'. The HALF 
FULL signa! will go from high-to-low on 
the positive-going edge of SO when, 


790 


80022108 


FULL LENGTH 
4096 


64 
1024 
256 


after the read cycle, the selected length 
of Counter #3 changes from ''100 ... 
00" to "011 ... 11". For example, if the 
selected memory length is 256 words 
(FULL = 256), then HALF FULL = 128 
words; hence, on the positive-going 
edge of SO when Counter #3 reaches 
a count of 127, the HALF FULL output 
will go from high-to-low. 

@® FULL — this signal serves both as a 
status output and as an override input. 
The FULL signal goes high on the 
negative-going edge of SI if all bits of 
Counter #3 for selected length are 
equal to ''1"'. The FULL output goes 
from high-to-low on the negative-going 
edge of SO. 


@ EMPTY — this signal also serves as a 
status output and as an override input. 
On the negative-going edge of SO, the 
EMPTY output is driven high if Status 
Counter #3 contains a value of ''1"'; 
on the positive-going edge of SO, the 
counter is decremented to ''0''. The 
EMPTY output goes from high-to-low 
on the negative-going edge of Si. 


Once the FULL signal is high, further Write 
Cycle Requests (SI = low) are ignored; simi- 
larly, once the EMPTY signal is high, further 
Read Cycle requests (SO = low) are ignored. 
However, to accommodate diversified appli- 
cations, the FULL and EMPTY outputs are 
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open-collector with on-chip 4.7K passive pull- 
up resistors. If either the FULL or EMPTY pins 
are forced low via external control, the corre- 
sponding write or read cycle may resume 
(provided the external FULL or EMPTY input 
is held low until the corresponding WRITE or 
READ output goes low) and the address/ 
status counters will continue normal opera- 
tion* — refer to Table 1. 


The user must force the RESET input low to 
initialize the chip. (Note. If the RESET signal 
is driven low during a write or read cycle, the 


Table 1. Summary of Operation 


INPUTS 


Cc 
= 
- 
Il 
— 


INITIAL 
CONDITIONS 


Write cycle in progress 
Read cycle in progress 


address output may have a short period of 

uncertainty before assuming a high-imped- 

ance state.) The following actions occur when 

RESET is active: 

@ All internal counters are set to ''0". 

® All address output lines are forced to 
the high-impedance state. 

@ HALF FULL and FULL outputs are 
forced low. 

@ WRITE, READ, and EMPTY outputs are 
forced high. 


RESULTING OUTPUTS 


Address Bus 
i-Z 
i-Z 


= 


Write address from 
Ctr #1 


i-Z 


Read address from 
Ctr #2 


= 
N 


Write address from 
Ctr#1 


Read Address from 
Ctr #2 


Write address from 
Ctr #1 


Read address from 
Ctr #2 


COMMENTS 


Reset all counters to 0. 


Shift into FIFO stack (Write Cycle) 


Stack full (write inhibited) 


Shift out of FIFO stack (Read Cycle) 


Stack empty (read inhibited) 


Continue write cycle (until SI goes high) 
Continue read cycle (until SO goes high) 
Shift in (read inhibited) 
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8X60 


When CE is high, the address output lines 
are forced to the high-impedance state, fur- 
ther write or read cycle requests are ignored, 
and all counters remain unchanged. !f CE 
switches from low-to-high during a write or 
read cycle, the cycle in progress is always 
completed before the disabled state is en- 
tered. For details of these operations, refer to 
the timing information shown later in this data 
sheet. 


*Refer to Note on inside back cover 


Shift out (write inhibited) 


Increment write address counter #1 and 
status counter #3 


Write cycle in progress Goes to Hi-Z 


Increment read address counter #2; 
decrement status counter #3 


=x 


Read cycle in progress Goes to Hi-Z 


Write cycle in progress 
(note 1) 


Changes to read Increment write address counter #1 and 
address from Ctr #2|status counter #3 


Changes to write Increment read address counter #2; 
address from Ctr #1|decrement status counter #3 


Chip disabled 


Chip disabled 


Continue write cycle (until SI goes high) 


Read cycle in progress 
(note 2) 


> 


= 
N 


= 
N 


FULL = L; write cycle 
begun (note 1) 


EMPTY = L: read cycle 
begun (note 2) 


Write address from 
Ctr #1 


Read address from 


Ctr #2 Continue read cycle (until SO goes high) 


This set of conditions should be avoided 
NOTES: 


1. Write cycle will occur if either SI goes low before SO goes low or EMPTY =H when SO goes low. 
2. Read cycle will occur if either SO goes low before Si goes low or FULL =H when Si goes low. 
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PARAMETER 


Power supply voltage +7 


Supply voltage for internal circuits +4 
Input voltage +5.5 
Off-state output voltage +5.5 
Storage temperature range -—65 to +150 


DC ELECTRICAL CHARACTERISTICS Conditions: Commercial — Voc = 5.0 V (£5%), Vag =1.5 V (+5%)', 
0°C <T, <70°C 


PARAMETER TEST CONDITIONS 


High level output voltage: : ze 
All outputs except FULL and EMPTY Voc = MIN; lon = -2.6mA 


LIMITS 


UNITS 


2. 
2. 


Low level output voltage: 
Address Bus, WRITE, READ 


L 
| HALF FULL, FULL, and EMPTY Voc = MIN; Io, = 8mA 
Diode clamp voltage: = : = _ 
Veo All inputs except FULL and EMPTY Voe= MIN: lop lame : 
High level input current: = : 2: 
iy All inputs except FULL and EMPTY MOGI EL ey 
Voc = MAX; Vin = 2.7V; 
FULL and EMPTY stack FULL or stack EMPTY 
(Note 3) 


Low level input current: 
All inputs except FULL Voc = MAX; Vi, = 0.4V 


Vo 


0 
7 
Voc = MIN; Io, = 16MA 
5 


Tye? | Max | 
pas] 
. 
i 
20 yA 
-20 vA 


V 
V 
V 
V 
V 
V 
A 
pA 


and EMPTY 


Voc = MAX; Vi. = 0.4V; 
pen eine /| Stack FULL or Stack EMPTY 
High level output current: - : 2 
loH FULL, EMPTY Voc = MIN; VoH Voc (min) 
: High-Z output current 2 . : 
lOzH (HIGH); address bus (Three-state) MOGI MNS VOUT en¥ 


15 
High-Z output current _ : _ 
loz (LOW); address bus (Three-state) Noor Mi MOUTON | | -08 | -20 | ua 
Input leakage current: 
i All inputs except FULL Voc = MAX; Vin = 5.5V 0.03 0.1 mA 
and EMPTY 
Short-circuit output current: _ ; = _ 7 
los address bus and HALF FULL Moos MIN Wor ON 15 | 68 | -100 ) ma 
loc Supply current from Vcc mA 
o> | | es | as | 
lBB Supply current from Veep Vep = Max mA 
wo [| 6 
NOTES: 


1. Vag can be obtained from a regulated 1.5V supply; alternately, proper supply current (Igg) can be obtained by connecting a 56-ohm (+ 5%, 0.5W) resistor in series 
with Voc as shown later in the APPLICATIONS diagram. 

2. Typical limits are: Voc = 5.0V; Ta = 25°C. 

3. Because. of the internal pull-up resistor on the FULL and EMPTY pins, a negative current is required to force the required voltage. 
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REFERENCES 


PARAMETERS 


To 


| Stack approaching FULL (note 1) Nee asel. diag! 


4 SO Stack approaching EMPTY (note 1) 30 ; 16 ns 


Bee 


are 

FULL=Low: SO=High | 95 | St | 65 | ns 
ee Se 
a ee Es 
Fe ee 


Pulse widths: 
TLH S| high 


TpH SO high 


Write cycle timing: 
Tia Address stable delay 


—_ 
| 


A 


Taw Address lead time 


= 
a 
O 
<_ —| << 


TLaw WRITE output active delay 


i 


TLw WRITE output inactive delay 


Sale| >| 
Q]} BI] > | | 
i 


> 
= 
Y 
+ 
TM 


Twa Address lag time An 


” 


Tit | Address output disable 


a) 
n” 


Tie FULL status active delay 


”n 


> 
3 
= 
s 


TLe EMPTY status inactive delay 


”n 


n 


THeH HALF-FULL status active delay 


| EMPTY [Stack = EMPTY | | 

T HALF 

FULL Stack approaching HALF-FULL 30 

Both SI & READ = Low lea 
= 


> |ej|<|- 
A! | Al] Al] B 


{ 


Tpw WRITE output active after read 


| 
O 


Read cycle timing: 
Tpa Address stable delay 


a 
O 


ms Zz 
ee 


eae Se 


Tarn Address lead time 


3 
1?) 


n 
W 
W 
W 
W 
R 


Tpar READ output active delay 


Ks) 


i 
=: 
S| | 
vi Dv 
m 

> 

O 


ay 
ep) 
oO 


Tpr READ output inactive delay E 


Tra Address lag time An 


oe eel 
ee 


—_ 
D 
m 
g 
wo) 


— 


Tpr Address output disable 
Tpe EMPTY status active delay 


? FULL Stack approaching FULL; SO = High 


T EMPTY Stack approaching EMPTY; Si = High 


> 
5 
= 
N 


<_— 
D|| Di] 
dl] da 


<_ 


) FULL Stack = FULL 


2) 


Tpr FULL status inactive delay 


THeL HALF-FULL status inactive delay 


N | OF] =~ | a |}~O;} L |_ ODIO 
na |}; O!1o o;n oa ~RnI TD |F-anyan 


Y HALF Stack exactly HALF-FULL 


RITE 
RITE 
RITE 
RITE 
EAD. 
AD 
EAD 


TiR READ output active after write 


1 READ Both SO & WRITE = Low 


crust somrom ——o t | | ne 
pr aw 50 


FULL = Low; SI = Low; SO = High 


Chip enable timing (write): 
Tuew Chip enable hold time? 


EMPTY = Low; SI = High 


EMPTY = Low; SI = High 


<_ — 
Q |B 
<|—- 
“| 2) 


Tsew Chip disable set-up time® 


|) 


<_ 
QO 
m 
_ 
= 
wv 
+ 
m 


Tpew Chip enable delay time 


Chip enable timing (read): 


TueR Chip enable hold time* EMPTY = Low; SI = High 


SO EMPTY = Low; SI = High 


EMPTY = Low; SO = Low; SI = High 


TpeR Chip enable delay time 


READ Ld 
TraR RESET recovery RITE 
ESET 
site ia 
a 


<_ 
“ 

O 
<_| 9 
ie 


Tser Chip disable set-up time? 


<+|— 
ml 
my ™m 


i 


— 
D 
m 
” 
m 
Eee | 
<_— 


SI =Lo 


Ww 
Stack = Full; Sl = Low; SO = High 


Stack = EMPTY; SO = Low; SI = High 


— 


Ta. RESET pulse width (low) 


Full/empty override timing: 
Tew Override Recovery for FULL 


Ww 
R 
J FULL Ww 
J EMPTY 


READ 


<_ 


Ten Override Recovery for EMPTY 


NOTES: 

1. Such that write/read request is inhibited after stack becomes full/empty. 

2. The earliest rising edge of CE such that the WRITE or READ output always occurs. 
3. The latest rising edge of CE such that the WRITE or READ output never occurs. 


<_< 

ae) 

m 

n 

™m 

4 
— 


co 
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TEST LOADING CIRCUITS 


APPLICABLE PINS: WRITE (7), APPLICABLE PINS: A, (15 - 20, 
READ (8), HALF FULL (10) 22 - 27) 


TEST POINT OUTPUT SWITCH 
ba Vea STATE POSITION 
7 | to | st | 


(Note 3} 


FROM OUTPUT 
UNDER TEST 


FROM OUTPUT Z {Closed | Closed 


NOTES: 

1. In all cases C, includes probe and jig capacitance 
2. All diodes are 1N916, 1N3064, or equivalent. 

3. For READ and WRITE outputs, Ri = 280 ohms; 
APPLICABLE PINS: FULL (8) AND for HALF FULL output, Ry, = 2K ohms. 


EMPTY (11) 


TCO3360S 


TEST POINT Veoc 


FROM OUTPUT 
UNDER TEST 
CL 


ik 30pF 


TC03370S 


TC03380S 


AC TEST WAVEFORMS 


OUTPUT 
(Inverted) 


WF10820S 


Propagation Delay 
(Typical Example) 


NOTE: 
Pulse widths and Set-up/Hoid timies are measured using the same reference points as above waveform. 


*3V OUTPUT ENABLE 
OUTPUT ENABLE \ CONTROL (Active 
CONTROL (Active VM Vu Low Input) 
Low input) 1 i 


>| ‘ezH  |<te— _— 'PHZ e- 0.5V 
| | 


-- VoH OUTPUT 


OUTPUT 


WF10830S WF10840S 


For all waveforms, Vi = 1-5V for 74 and 74S; Vy =1.3V for 74LS. 


3-State Enable Time To LOW Level 3-State Enable Time To HIGH Level 


And Disable Time From LOW Level And Disable Time From HIGH Level 
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TIMING DIAGRAMS 


He tae petawey j-———— tur > 
t I { 


! | 1 1 
beth aw— he the twat 
’ $ 


t 
WRITE $ f 


WF 10850S 


Write Cycle Timing 


© OF ENTRIES 
IN STACK <#0- > Sim <<) le wz Ne enete +N} 


ee Oe meee ee ie es ae 
Hoe he 
EMPTY ; 
Se eee eee eee ea 
“A THE bets: i 
HALF FULL + we : 
-__ ; tH ILE ee 


FULL pees eerete eens) es oes al 


5 
2 
inal 


WF 10890S 


Chip Enable Timing Write* 


WRITE 


ADDRESS SSS 


WF 10910S 


Change Of Cycle Timing 
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j<——— to. ———_—_+}~+—__—_ ton————-> 
Le) t T t 
/ : eae 
be tpaete nae be 
' i i ‘ 
2? 00 Mat, 1 
ADDRESS 8K 


l+— toan—> be type aoe 
! 


i a 


WF 10860S 
Read Cycle Timing 
# OF ENTRIES yp Pee <Ne «Ne ee 0+ 
= omeeaus 7 
fe ete eee oe ey 
; - ming 
EMPTY ' j 
a 
; ed HEL be 
HALF FULL ~~! tor he 
FULL eal. SUR eee ee aE OE: 
WF 108808 
Status Output Timing-Read 
CE f 
I 
+ 
| 'WER 
so 
READ 
WE 109008 
Chip Enable Timing Read* 
go Parner 
WRITE a | 
: _~ FORCED LOW 
FULL + BY USER 
WF 10920S 


Full Override Timing 


*The rising edge of CE should not occur within 10-nanoseconds before or after a falling edge of SI or SO. 


December 4, 1985 


Signetics Logic Products Product Specificotion 


FIFO RAM Controller (FRC) | | 8X60 


o \ ff . He tar el tap de 


{eo 
EMPTY + a ocsen wey 
WF 10940S ; Fa High-:mpedance state 
G Changing data 
WF 10930S, 
Empty Override Timing Reset Timing 


APPLICATIONS 


REQUEST 
TO WRITE DATA 
INTO FIFO BUFFER 


WRITE CYCLE 


10 READ DATA —>O 
FROM FIFO BUFFER eee 
= sd 
BUFFER LENGTH REABO ACKNOWLEDGE 
SELECTION 


—o BUFFER HALF. 
FULL STATUS 


ENABLE FIFO 
CONTROLLER 


RESET FIFO 
COUNTERS 


DELAY TO EXTEND ADDRESS HOLO TIME 
rae AFTER THE RISING EDGE OF 


WRITE CYCLE 
REQUEST 


wrevs CYCLE bates y: 
AEQUEST 
fo ‘ woo] 


nconees a. ie ok eae as 
| eu ADONESS a rae 
WE (nase) q 


TCOOCOBS 


Using 8X60 With High-Density MOS RAMs 


December 4, 1985 796 


signeftics 


Logic Products 


FEATURES 

© Boosts Memory Reliability — 
Corrects all single-bit errors. 
Detects all double and some 
triple-bit errors. Reliability of 
dynamic RAM systems is 
increased more than 60-fold. 


e Very High Speed — Perfect for 
MOS microprocessor, 
minicomputer and mainframe 
systems. 
~ Data in to error detect: 32ns 

worst case. 
- Data in to corrected data out: 
65ns worst case. 

e High performance systems can 
use the Signetics EDC in the 
check-only mode to avoid 
memory system slowdown. 


e Replaces 25 to 50 MSI chips — 
All necessary features are built-in 
to the Signetics 2960, including 


Le our[ > 
dé Byte o [| > = 


CBo-6 ; 
(CHECK 
BITS) 
8 
DATAo.7 Ky a 
os? ad 
OATAg.15 K_ >} 


OE BYTE1{ > 


CHECK BIT 
INPUT ; 
LATCH 


Lent > 
OSAGNOSTIC 
LATCH 
es 


cope io [ > . 
o1aG MODE | > 
PASS THRU [| > 
GENERATE [ > 


correct [> 


LE DIAG 


CONTROL 
LOGIC 
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diagnostics, data in, data out and 
check bit latches. 


e Handles Data Words From 8 to 
64 Bits — The Signetics 2960 is 
cascadable: 1 EDC for 8 or 16 
bits, 2 for 32 bits, 4 for 64 bits. 

e Easy Byte Operations — Separate 
byte enables on the data out 
latch simplify the steps and cuts 
the time required by byte writes. 

e Built-in Diagnostics — The 
processor may completely 
exercise the EDC under software 
control to check for proper 
operation. 


DESCRIPTION 

The Signetics 2960 Error Detection and 
Correction Unit (EDC) (Figure 1) con- 
tains the logic necessary to generate 
check bits on a 16-bit data field accord- 


1 ERROR 
DECODE | 


Figure 1. Block Diagram Of 2960 


ERROR 


ing to a modified Hamming Code, and to 
correct the data word when check bits 
are supplied. Operating on data read 
from memory, the EDC will correct any 
single bit error and will detect all double 
and some triple bit errors. For 16-bit 
words, 6 check bits are used. The 2960 
can be expanded to operate on 32-bit 
words (7 check bits) and 64-bit words (8 
check bits). In all configurations, the 
device makes the error syndrome avail- 
able on separate outputs for data log- 
ging. 

The Signetics 2960 also features two 
diagnostic modes, in which diagnostic 
data can be forced into portions of the 
chip to simplify device testing and to 
execute system diagnostic functions. 


The product is supplied in a 48 lead 
hermetic DIP package and a 48-pin plas- 
tic package. 


, 7 SCo-6 


AL > SYNOROME/ 


CHECK BITS 


DRIVERS 


t______<7] 6 se 
| > ERROR 


OETECTION 


[ > MULT ERROR 


BD02250S 


[nena TOO CUE SEO Ue enenanenieatieenepemnannnmenaiesiateemenammnmmne at oenet 
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2960 PACKAGE AND PIN DESIGNATIONS 


CORRECT |48| PASS THRU 


DATA15 [47] DIAG-MODE 1 


DATA 44 


| 46] DIAG MODE 0 
DATA13 |45] CODE ID 2 
1441 CODE 10 1 
143] CODE ID 0 


142] GENERATE 


DATA12 


LE IN [ 


LE DIAG 
OE BYTE 1 
DATA 
DATA19 


DATAg 


2960 
ERROR 
DETECTION 
AND 
CORRECTION 
(EOC) UNIT | 


DATA 
GROUND 
DATA? 
DATA. 
DATAs 
DATA, 

OE BYTE O 
LE OUT | 
DATA; | 
DATA? | 
DATA, 
DATAg 


Sc, 


CD07470S 


erence aetna tr matatven ti te en mages Aet tt tenn th a A neers Pa ee err cre nen NN eA str Aner inte Hepat AAs mt nnn enema 


PIN DESCRIPTION 


IDENTIFIER FUNCTION 


Correct Cerrect input: When HIGH this signal allows the correction network to correct any single-bit error in 
the Data input Latch (by complementing the bit-in-error) before putting it onto the Data Output Latch. 
When LOW the EDC will drive data directly from the Data input latch to the Data Output Latch 


without correction. 


DATA45 ~ 12 
DATA1;_8 

DATA? _4 
DATAg3_0 


LE IN 


16 Bidirectional Data Lines: They provide input to the Data Input Latch and Diagnostic Latch, and 
receive output from the Data Output Latch. DATA is the least significant bit; DATA5 is the most 
significant. 


Latch Enable: Data Input Latch. Controls latching of the input data. When HIGH the Data input Latch 
and Check Bit Input Latch follow the input data and input check bits. When LOW, the Data Input 
Latch and Check Bit Input Latch are latched to their previous state. 


LE DIAG Latch Enable: Diagnostic Latch. When HIGH the Diagnostic Latch follows the 16-bit data on the input 
lines. When LOW the outputs of the Diagnostic Latch are latched to their previous states. The 
Diagnostic Latch holds diagnostic check bits, and internal control signals for CODE IDp_2, DIAG 


MODE ).;, CORRECT and PASS THRU. 
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PIN DESCRIPTION (Continued) 


PIN NO. IDENTIFIER 


18, 8 


13 
19 


24, 25-30 


31 


32 


33 


40, 34-35 
37-39, 41 


36 
42 


43 — 45 


46, 47 


48 


OE BYTE 0, 
OE BYTE 1 


CBo -6 


Voc 
GENERATE 


Code IDo -_2 


FUNCTION 


Output Enable: Bytes 0 and 1, Data Output Latch. These lines control the 3-state outputs for each of 
the two bytes of the Data Output Latch. When LOW these lines enable the Data Output Latch and 
when HIGH these lines force the Data Output Latch into the high impedance state. The two enable 
lines can be separately activated to enable only one byte of the Data Output Latch at a time. 


Ground. 


Latch Enable: Data Output Latch. Controls the latching of the Data Output Latch. When LOW the 
Data Output Latch is latched to its previous state. When HIGH the Data Output Latch follows the 
output of the Data Input Latch as modified by the correction logic network. In Correct Mode, single-bit 
errors are corrected by the network before loading into the Data Output Latch. In Detect Mode, the 
contents of the Data Input Latch are passed through the correction network unchanged into the Data 
Output Latch. The inputs to the Data Output Latch are unspecified if the EDC is in Generate Mode. 


Syndrome/Check Bit Outputs: These seven lines hold the check/partial-check bits when the EDC is 
in Generate Mode, and will hold the syndrome/partial syndrome bits when the device is in Detect or 
Correct Modes. These are 3-state outputs. 


Output Enable: Syndrome/Check Bits. When LOW, the 3-state output lines SCo.g are enabled. When 
HIGH, the SC outputs are in the high impedance state. 


Error Detected Output: When the EDC is in Detect or Correct Mode, this output will go LOW if one 
or more syndrome bits are asserted, meaning there are one or more bit errors in the data or check 
bits. If no syndrome bits are asserted, there are no errors detected and the output will be HIGH. In 
Generate Mode, ERROR is forced HIGH. (In a 64-bit configuration, ERROR must be externally 
implemented.) 


Multiple Errors Detected Output: When the EDC is in Detect or Correct Mode, this output if LOW 
indicates that there are two or more bit errors that have been detected. If HIGH this indicates that 

either one or no errors have been detected. In Generate mode, MULT ERROR is forced HIGH (in a 
64-bit configuration, MULT ERROR must be externally implemented.) 


Seven Check Bit Input Lines: The check bit lines are used to input check bits for error detection. 
Also used to input syndrome bits for error correction in 32 and 64-bit configurations. 


+5V Power Supply. 


Generate Check Bits Input: When this input is LOW the EDC is in the Check Bit Generate Mode. 
When HIGH the EDC is in the Detect Mode or Correct Mode. 


In the Generate Mode the circuit generates the check bits or partial check bits specific to the data in 
the Data Input Latch. The generated check bits are placed on the SC outputs. 


In the Detect or Correct Modes the EDC detects single and multiple errors, and generates syndrome 
bits based upon the contents of the Data Input Latch and Check Bit input Latch. In Correct Mode, 
single-bit errors are also automatically corrected - corrected data is placed at the inputs of the Data 
Output Latch. The syndrome result is placed on the SC outputs and indicates in a coded form the 
number of errors and the bit-in-error. 


Code Identification Inputs: These three bits identify the size of the total data word to be processed 
and which 16-bit slice of larger data words a particular EDC is processing. 


The three allowable data word sizes are 16, 32 and 64 bits and their respective modified Hamming 
codes are designated 16/22, 32/39 and 64/72. Special CODE ID input 001 (IDo, ID;, IDo) is also 
used to instruct the EDC that the signals, CODE IDp_»2, DIAG MODEg_1, CORRECT and PASS THRU 
are to be taken from the Diagnostic Latch, rather than from the input control lines. 


Diagnostic Mode Select: These two lines control the initialization and diagnostic operation of the 
EDC. 


Pass Thru Input: This line when HIGH forces the contents of the Check Bit Latch onto the 
Syndrome/Check Bit outputs (SCo.g) and the unmodified contents of the Data Input Latch onto the 
inputs of the Data Output Latch. 


ARCHITECTURAL SUMMARY As shown in Figure 1, the device consists of @ Check Bit Generation Logic 
The EDC Unit is a powerful 16-bit cascadable _ the _ following: @ Syndrome Generation Logic 
slice used for check bit generation, error © Data Input Latch @ Error Detection Logic 
detection, error correction and diagnostics. @ Check Bit Input Latch 
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Table 1. Hamming Code and Slice Identification 


OPERATING 
MODE 


Pass Thru When PASS THRU is asserted the Operating Mode is 
defaulted to the Pass Thru Mode. 


Code 16/22 
Internal Control Mode 
Code 32/39, Bytes 0 and 1 


Code 32/39, Bytes 2 and 3 
Code 64/72, Bytes 0 and 1 
Code 64/72, Bytes 2 and 3 
Code 64/72, Bytes 4 and 5 
Code 64/72, Bytes 6 and 7 


Diagnostic * 
Diagnostic 


Initialize Initialize 


*Correct if the CORRECT Input is HIGH. Detect if the CORRECT Input is LOW. 
**In Code IDo_9 001 (IDe, 1Dy, 1Dg) DM; and DMo are taken from the Diagnostic Latch. 


@ Error Correction Logic 
@ Data Output Latch 

®@ Diagnostic Latch 

® Control Logic 


Data Input Latch 

16 bits of data are loaded from the bidirec- 
tional DATA lines under contro! of the Latch 
Enable input, LE IN. Depending on the control 
mode the input data is either used for check 
bit generation or error detection/correction. 


Check Bit Input Latch 

Seven check bits are loaded under control of 
LE IN. Check bits are used in the Error 
Detection and Error Correction modes. 


Check Bit Generation Logic 

This block generates the appropriate check 
bit for the 16 bits of data in the Data Input 
Latch. The check bits are generated accord- 
ing to a modified Hamming code. 


Syndrome Generation Logic 

In both Error Detection and Error Correction 
modes, this logic block compares the check 
bits read from memory against a newly gener- 
ated set of check bits produced for the data 
read in from memory. If both sets of check 
bits match, then there are no errors. If there is 
a mismatch, then one or more of the data or 
check bits is in error. 


The syndrome bits are produced by an exclu- 
sive-OR of the two sets of check bits. If the 
two sets of check bits are identical (meaning 
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there are no errors) the syndrome bits will be 
all zeroes. If there are errors, the syndrome 
bits can be decoded to determine the number 
of errors and the bit-in-error. 


Error Detection Logic 

This section decodes the syndrome bits gen- 
erated by the Syndrome Generation Logic. If 
there are no errors in either the input datas or 
check bits, the ERROR and MULT ERROR 
outputs remain HIGH. If one or more errors 
are detected, ERROR goes LOW. If two or 
more errors are detected, both ERROR and 
MULT ERROR go LOW. 


Error Correction Logic 

For single errors, the Error Correction Logic 
complements (corrects) the single data bit in 
error. This corrected data is loadable into the 
Data Output Latch, which can then be read 
onto the bidirectional data lines. If the single 
error is one of the check bits, the correction 
logic does not place corrected check bits on 
the syndrome/check bit outputs. If the cor- 
rected check bits are needed the EDC must 
be switched to Generate Mode. 


Data Output Latch 

The Data Output Latch is used for storing the 
result of an error correction operation. The 
latch is loaded from the correction logic under 
control of the Data Output Latch Enable, LE 
OUT. The Data Output Latch may also be 
loaded directly from the Data Input Latch 
under control of the PASS THRU control 
input. 
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HAMMING CODE AND 
SLICE SELECTED 


The Data Output Latch is split into two 8-bit 
(byte) latches which may be enabled inde- 
pendently for reading onto the bidirectional 
data lines. 


Diagnostic Latch 

This is a 16-bit latch loadable from the 
bidirectional data lines under control of the 
Diagnostic Latch Enable, LE DIAG. The Diag- 
nostic Latch contains check bit information in 
one byte and control information in the other 
byte. The Diagnostic Latch is used for driving 
the device when in Internal Control Mode, or 
for supplying check bits when in one of the 
Diagnostic Modes. 


Control Logic 

The control logic determines the specific 
operating mode of the device. Normally the 
control logic is driven by external control 
inputs. However, in Internal Control Mode, the 
control signals are read from the Diagnostic 
Latch. 


FUNCTIONAL OPERATION 

The EDC contains the logic necessary to 
generate check bits on a 16-bit data field 
according to a modified Hamming code (Ta- 
ble 1). Operating on data read from memory, 
the EDC will correct any single-bit error and 
will detect all double and some triple-bit 
errors. The EDC can be configured to operate 
on 16-bit data words (with 6 check bits), 32- 
bit data words (with 7 check bits) and 64-bit 
data words (with 8 check bits). In fact, the 
EDC can be configured to work on data 
words from 8 to 64 bits. In all configurations, 
the device makes the error syndrome bits 
available on separate outputs for error data 
logging. 


Code and Byte Specification 
The EDC may be configured in several differ- 
ent ways and operates differently in each 
configuration. It is necessary to indicate to the 
device what size data word is involved and 
which bytes of the data word it is processing. 
This is done with input lines CODE IDg _ 9, as 
shown in Table 1; the three modified Ham- 
ming codes are defined below: 
@ 16/22 16 data bits 

6 check bits 

22 bits in total. 


@ 32/39 32 data bits 
7 check bits 
39 bits in total. 


® 64/72 64 data bits 
8 check bits 
72 bits in total. 


CODE ID input 001 (IDs, ID,, IDo) is a special 
code, described later, used to operate the 
device in Internal Control Mode. 
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Table 3. Diagnostic Mode Control 


Diagnostic Detect/Correct: 


Diagnostic Generate: The contents of the Diagnostic Latch are substituted for the normally 
generated check bits when in the Generate Mode. The EDC functions normally in the Detect 
or Correct modes. 


Table 4. 16-Bit Modified Hamming Code 


GENERATED 
CHECK 
BITS 


PARITY 


Even KOR 
C1 


C8 


Odd (XNOR) 


Odd (XNOR) 


Even (XOR) 


NOTE: 


In the Detect or Correct Mode, the contents of the Diagnostic 
Latch are substituted for the check bits normally read from the Check Bit Input Latch. The 
EDC functions normally in the Generate Mode. 


1 { Initialize: The outputs of the Data Input Latch are forced to zeroes (and latched upon 
removal of the Initialize Mode) and the check bits generated correspond to the all-zero data. 


rerrs 
xX Xx x 
xX 
X 
4 x 


Tose tle ew nla eww 
ew ee 
a Ie ee ee 


The check bit is generated as either an XOR or XNOR of the eight data bits noted by an ''X'"’ in the table. 


Control Mode Selection 

The device control lines are GENERATE, 
CORRECT, PASS THRU, DIAG MODE o- ; 
and CODE IDop_». Table 2 indicates the 
operating modes selected by various combi- 
nations of the control line inputs. 


Diagnostics 

Table 3 shows specifically how DIAG 
MODE) -_; select between norma! operation, 
initialization and one of two diagnostic 
modes. The Diagnostic Modes allow the user 
to operate the EDC under software control in 
order to verify proper functioning of the de- 
vice. 


Check and Syndrome Bit 

Labelling 

The check bits generated in the EDC are 

designed as follows: 

@ 16-bit configuration - CX, CO, C1, C2, 
C4, C8; 

@ 32-bit configuration - CX, CO, C1, C2, 
C4, C8, C16; 
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@ 64-bit configuration - CX, CO, C1, C2, 
C4, C8, C16, C32. 


Syndrome bits are similarly labeled SX 
through S32. There are only 6 syndrome bits 
in the 16-bit configuration, 7 for 32 bits and 8 
syndrome bits in the 64-bit configuration. 


The error correction code can be selected 
independent of the processor with the excep- 
tion of diagnostic software. 


Diagnostic software run by a processor to 
checkout the EDC system must know specifi- 
cally which code is being used. This is only a 
problem when the EDC replaces an existing 
MS! implementation on an existing computer. 
In this case, the computer's software must 
first determine which of two codes (the old 
one used by the MSI implementation or the 
new one used by the EDC) is used by the 
computer's memory system. 


This is easily determined by writing a test data 
word into memory and then examining wheth- 
er the generated check bits are typical of the 


801 


old or the new code. From then on the 
software runs only the diagnostic appropriate 
for the code used on that particular comput- 
er's memory system. 


Initialize Mode 

The inputs of the Data Output Latch are 
forced to zeroes. The check bit outputs (SC) 
are generated to correspond to the all-zero 
data. ERROR and MULT ERROR are forced 
HIGH in the Initialize Mode. 


Initialize Mode is useful after power up when 
RAM contents are random. The EDC may be 
placed in initialize mode and its outputs 
written in to all memory locations by the 
processor. 


Code Selections 

The Signetics 2960 EDC uses a modified 

Hamming Code which provides the following 

functions: 

@ Cascading of EDC Units 

@ Detection of all double-bit errors 

® Detection of gross error conditions (all 
"Os" or all '1s"). 
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DATA CHECK BITS 
we [wee )o]o]o]o]o]) 
5 847 0 


INPUT CHECK BITS 
FOR 16-8IT CONFIGURATION 


nnn DON'T 
cx Co C 


CBo CB: CB2 CB3 CB, CBs CBs 


DATAg 15 1 C2. C4 C8 CARE 


SCo SC, SC2 SC3 SC, SCZ SCe 


$0/CO $2/C2 $8/C8 


SYNOROME/CHECK BIT OUTPUTS 
FOR 16-BiIT CONFIGURATION 


AFO2600S 


Figure 2. 16-Bit Data Format And I/O 


LE OUT, > 


OE BYTEo[{ > ; 


_. 8 
Ns: eed Rr 
Lape na & a 
OATAS.15 tees i ; 


OE BYTE 1 iC 


BIT-IN- 
ERROR 
DECODE 


= OIAGNOSTIC 
LATCH 


3 
LE DIAG CHI 


copein| > 
DIAG MODE { > 
PASS THRU [_ > OIC. : 
GENERATE eet 
correct [ =>———+ 


Figure 3. Check Bit Generation 
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16-Bit Data Word Configuration 
The 16-bit format consists of 16 data bits, six 
check bits and, as previously indicated, is 
designated as the 16/22 code. The data 
format and I/O configuration for a 16-bit word 
is shown in Figure 2. 


Generate Mode 

In this mode check bits will be generated that 
correspond to the contents of the Data Input 
Latch. The check bits generated are placed 
on the outputs SCo _ 5 (SCg is a logical one, or 
high). 


Check bits are generated according to a 
modified Hamming code. Details of the code 
for check bit generation are contained in 
Table 4. 


Each check bit is generated as either an XOR 
or XNOR of eight of the 16 data bits as 
indicated in the table. The XOR function 
results in an even parity check bit; the XNOR 
is an odd parity check bit. Data flow for the 
Generate Mode is shown in Figure 3. 


7 SCo-6 
>> SYNOROME/ 
CHECK BITS 


eee | O& sc 
| > ERROR 


[> MULT ERROR 
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LE our[ > 
OE BYTE 0 re 


CBo-6 >> rs 
(CHECK 
BITS) = 7 1 
output | 87h 
iE fief eirin, $7] 


DATAg? K > LATCH 
BYTE 0 

DATA 
OUTPUT 


K > 
DATAs15 KI LATCH 
BYTE 1 


DECODE 
t 


OE BYTE 1 
eee | 7 SCo-6 
f DATA Fant pla tet > SYNDROME/ 
= INPUT : yt CHECK BITS 
i LATCH Ne 3 ‘ j 
BYTEO § “%) a: ; 
DATA sf 4 | GENERA- t — _ 
i inpuT | _@& . ir 4 ‘caienaineesieie te 7 OE SC 


i LATCH | 
} BYTE! f 


CHECK BIT { 
INPUT 
LATCH 


LEIN[ > “ty, a 
t DIAGNOSTIC | 
LATCH 
7 


LE DiAG mn 


CODE 10 | 
DIAG MODE | 


pass THRU [__ > 
GENERATE [_>memmmme 


CORRECT Cc >——- 


CONTROL 
LOGIC 


AF02620S 


Figure 4. Error Detection And Correction 


Table 5. Syndrome Decode to Bit-In-Error Detect Mode 
— Se in this mode the device examines the con- 
SYNDROME S4 tenis of the Data Input Latch against the 
BITS So Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and 
SX SO S1 : 
ieee ane some tripie-bit errors. lf one or more errors. 
0 are detected, ERROR goes LOW. If two or 
0 more errors are detected, MULT ERROR 
goes LOW. Both error indicators are HIGH if 
1 
1 


there are no errors. 


Also available on device outputs SCo_5 are 
the syndrome bits generated by the error 
detection step. The syndrome bits may be 
decoded to determine if a bit error was 
detected and, for single-bit errors, which of 
the data or check bits is in error. Table 5 
provides decoding data for the syndrome bits 
generated by the 16-bit configuration (as an 


0 
0 


as 
—_ 


felalaletafele|4 


ooo Oo 
QO 
ay 
eli 2 

flail! 
| 
(?) 

| PO | 
t 


8 
+ 


* 


-—— no errors detected 


Number — the location of the single bit-in-error example, if the syndrome bits SX/S0/S1/S2/ 
T — two errors detected S4/S8 were 101001 this would be decoded 
M -—— three or more errors detected to indicate that there is a single-bit error at 


data bit 9). If no error is detected the syn- 
drome bits will all be zeroes. 


In Detect Mode, the contents of the Data 
Input Latch are driven directly to the inputs of 
the Data Output Latch without correction. 
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Diagnostic Check Bit 2 


oa 
[8 [coe bo 
9 


CODE ID 1 
CODE ID 2 
DIAG MODE 0 


DIAG MODE 1 
CORRECT 


PASS THRU 


Correct Mode 

In this mode, the EDC functions the same as 
in Detect Mode except that the correction 
network is allowed to correct (complement) 
any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data 
Output Latch — see Figure 4. If multiple er- 
rors are detected, the output of the correction 
network is unspecified. If the single-bit error is 
a check bit there is no automatic correction. If 
check bit correction is desired, this can be 
done by placing the device in Generate Mode 
to produce a correct check bit sequence for 
the data in the Data Input Latch. 


Pass Thru Mode 

In this mode, the unmodified contents of the 
Data Input Latch are placed on the inputs of 
the Data Output Latch and the contents of 
the Check Bit Input Latch are placed on 
outputs SCp_5. ERROR and MULT ERROR 
are forced HIGH in this mode. 


Diagnostic Latch 

- The diagnostic Latch serves both for diagnos- 
tic uses and internal control uses. It is loaded 
from the DATA lines under the control of LE 
DIAG. Table 6 shows the loading definitions 
for the DATA lines. 


Diagnostic Generate/Detect/ 


Correct 
These are special diagnostic modes selected 
by DIAG MODE,)_; where either normal 
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check bit inputs or outputs are substituted for 
by check bits loaded into the Diagnostic 
Latch — See Table 2 for details. Figures 5 
and 6 illustrate the flow of data during the two 
diagnostic modes. 


Internal Control Mode 
This mode is selected by CODE IDpo - 2 input 
001 (IDs, 1Dy, IDpo). 


When in Internal Control Mode, the EDC 
takes the CODE IDo_2, DIAG MODE -~ 3, 
CORRECT, and PASS THRU control signals 
from the internai Diagnostic Latch rather than 
from the external input lines. 


Table 6 gives the format for loading the 
Diagnostic Latch. 


32-Bit Data Word Configuration 
The 32-bit format consists of 32 data bits, 
seven check bits and, as previously indicated, 
is designated as the 32/39 code. The data 
format and 1/O configuration for a 32-bit word 
is shown in Figure 7. 


The upper EDC (Slice 0/1) handles the least 
significant bytes 0 and 1—the external 
DATA lines 0 to 15 are connected to the 
same numbered inputs of the upper device. 
The lower EDC (Slice 2/3) handles the most 
significant bytes 2 and 3—the external 
DATA lines for bits 16 to 31 are connected to 
inputs DATAg through DATA4s5 respectively. 


The valid syndrome and check bit outputs are 
those of Slice 2/3 as shown in the diagram. in 
Correct Mode these must be read into Slice 
0/1 via the CB inputs and are selected by the 
MUX as inputs to the bit-in-error decoded 
(see block diagram), thus requiring external 
buffering and output enabling of the check bit 
lines as shown. The OE SC signal can be 
used to control enabling of check bit inputs - 
when syndrome outputs are enabled, the 
external check bit inputs will be disabled. 


The valid ERROR and MULT ERROR outputs 
are those of the Slice 2/3. The ERROR and 
MULT ERROR outputs of Slice 0/1 are un- 
specified. All of the latch enables and control 
signals must be input to both of the devices. 


Generate Mode 

In this mode check bits will be generated that 
correspond to the contents of the Data Input 
Latch. The check bits generated are placed 
on the outputs SCo_¢ of Slice 2/3. 


Check bits are generated according to a 
modified Hamming code. Details of the code 
for check bit generation are contained in 
Table 7. Check bits are generated as either 
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an XOR or XNOR or 16 of the 32 data bits as 
indicated in the table. The XOR function 
results in an even parity check bit, the XNOR 
in an odd parity check bit. 


Detect Code 

In this mode the device examines the con- 
tents of the Data Input Latch against the 
Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and 
some triple-bit errors. If one or more errors 
are detected, ERROR goes LOW. if two or 
more errors are detected MULT ERROR goes 
LOW. Both error indicators are HIGH if there 
are no errors. The valid ERROR and MULT 
ERROR signals are those of Slice 2/3 — 
those of Slice 0/1 are undefined. 


Also available on Slice 2/3 outputs SCo/¢ are 
the syndrome bits generated by the error 
detection step. The syndrome bits may be 
decoded to determine if a bit error was 
detected and, for single-bit errors, which of 
the data or check bits is in error. Table 8 
gives the chart for decoding the syndrome 
bits generated for the 32-bit configuration (as 
an example, if the syndrome bits SX/S0/S1/ 
$2/S4/S8/S16 were 0010011 this would be 
decoded to indicate that there is a single-bit 
error at data bit 25). If no error is detected the 
syndrome bits will be all zeroes. 


In Detect Mode, the contents of the Data 
Input Latch are driven directly to the inputs of 
the Data Output Latch without corrections. 


Correct Mode 

In this mode, the EDC functions the same as 
in Detect Mode except that the correction 
network is allowed to correct (complement) 
any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data 
Output Latch. If multiple errors are detected, 
the output of the correction network is unspe- 
cified. If the single-bit error is a check bit 
there is no automatic correction — if desired 
this would be done by placing the device in 
Generate Mode to produce a correct check 
bit sequence for the data in the Data Input 
Latch. 


For data correction, both Slices 0/1 and 2/3 
require access to the syndrome bits on Slice 
2/3's outputs SCo _ 5. Slice 2/3 has access to 
these syndrome bits through internal data 
paths, but for Slice 0/1 they must be read 
through the inputs CBy_¢. The device con- 
nections for this are shown in Figure 7. When 
in Correct Mode the SC outputs must be 
enabled so that they are available for reading 
in through the CB inputs. 
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teout{ > 
OE Byteo({ > 


C86 | > 
(CHECK | 


BITS) DATA 


OUTPUT 
DATA? > LATCH 
CORREC- 
TION 
8 LOGIC 
DATAg.1s [> 


OE BYTE1[ > SCo-6 
baa > SYNOROME/ 
CHECK BITS 


< | OESc 
| > ERROR 


SYNOROME 
GENERA- 


TION DETECTION 


[> MULT ERROR 


DIAGNOSTIC 
LATCH ‘ 
3 
LE DIAG o> 
2 
cove io [ > 
DIAG MODE fam en 
pass turu (> LOGIC 
GENERATE pam 
correct [> 
AF02630S 
Figure 5. Diagnostic Check Bit Generation 
Le out| > 
0€ svteo{ > 
(CHECK 
BITS) 
8 
OATAd.7 K > 


8 
DATAsis K > 


OE BYTE1[ > 7 sc 
0-6 
gomety::.. >» SYNOROME/ 
CHECK BITS 
< | OESc 
b> ERROR 
CHECK BIT 
INPUT 
Ean fx >> MULT ERROR 
LEINL > 
DIAGNOSTIC 
LATCH 
3 
LE DIAG couUHI8wg 
2 
cove io [ > 
niet — CONTROL 
PASS THRU [> LOGIC 


GENERATE pou 
correct{ > 


AF02640S 


Figure 6. Diagnostic Detect And Correct 
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Table 7. 32-Bit Modified Hamming Code 


GENERATED 
CHECK 
BITS 


Even OR) 


5 6 7 8 9 10 11 
Even (COR x 
Oda (XN) x 


PF 
Even (KOR) 


GENERATED PARTICIPATING DATA BITS 
CHECK PARITY Sr eed 
BITS 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Even (XOR) xX X Xx Xx Xx 
Even (KOR) xx 


oda (xNOR) |X aE. 5 
C2 Odd (XNOR) X X Xx Xx X 


PARTICIPATING DATA BITS 
PARITY 


x< x< 
x | X< 
x< *< 
x< x 


eae) 
oD | @ 
mm) mm 
<ij< 
Cl @D 
3 /;,5 
—Ki* 
0; 0 
2\|2 
x 
x 
x 
x 
x x 
x x 
x x 
x eq 
x 
x 
x 
x 
x 
x 
x 
x 


x< 
x< 
x< 


X X 
C4 Even (XOR) X X X X X X X X 
C8 Even (XOR) X X X X 
Ci6 Even (XOR) X X X X 


NOTE: 
The check bit is generated as either an XOR or XNOR of the sixteen data bits noted by an ''X"' in the table. 


Table 8. Syndrome Decode to Bit-in-Error 


$16 0 1 0 1 0 1 0 1 
anaes 8} 0 0 1 1 0 0 1 1 
$4 0 0 0 0 1 1 1 1 
SX SO St $2 | 
0 0 0 (7 Ge. T T 5 M T 
oO 0 4 4 a ee a T 23 M 
0 1 0 0 CoO 1 T i M T 
re a ee a aes 22 Ee 
0 1 1 0 M 10 T 20 T T M 
od TSR 
P60 OF Ox es ee ee ee 
1 0 0 1 T M 11 T 21 T MC 
1 0 1 oO i M 9 19 T T 
Pe & 5 See es re 
a eee La Os aa To] M 
* — no errors detected 
Number — the location of the single bit-in-error 
T — two errors detected 
M — three or more errors detected 
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DATA CHECK BITS 


BYTE 3 BYTE 2 BYTE 1 BYTE 0 


24 623 16815 


Uses Modified Hamming Code 32/39 
- 32 data bits 

- 7 check bits 

~ 39 bits in total 


31 


INPUT DATA INPUT CHECK BITS 
Feet 
DATA16.31 DATAo.15 C1 C2 c4 cs C16 2958 OE SC 


Cees oS) 
NRE A a a 


CBo 


EOC 
BYTES 0 AND 1 


DATA 


CBo 


EOC” 
BYTES 2 AND 3 


MULTI 
ERROR ERROR SCo Cg 


ERROR MULTI SXCX SOCO S1C1 $2C2 S4C4 S8C8 S16 C16 


ERROR 


OUTPUT SYNOROME CHECK BITS 


AF02650S 
*Check Bit Latch is forced transparent in this CODE ID combination for this slice. 


Figure 7. 32-Bit Data Format And !/O 
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DATA CHECK BITS 
BYTE 7 BYTE 6 BYTE 5 BYTE 4 BYTE 3 BYTE 2 BYTE 1 BYTE O 
63 48 § 47 32931 16915 


OE SC 


CBs CBs CB, CB3 CB2 CB, CBo 
OE sc 


CBs CBs CB, CB; CB2 CB, CBo CBg CBs C8, CB3 CBz CB; CB DO CB. CB, CB, CB; CB2 CB; CBo 


= EOC 
ESC BYTES 2 AND 3 


EOC 


EDC 
OE SC BYTES 0 AND 1 


BYTES 6 ANO 7 


EDC 
OESC  gYTES 4 ANO 5 


SCg SCs SCy SC3 SC2 SC, SCo SCg SCs5 SCy SC3 SC2 SC; SCo 


vee PTT | FPP 


- SCs SCqg SC3 SCz SC; SCo 
Poet cecen eae eer 
Giese Sas 
Oe ee ee ee eee 


MULTI ERROR ll : 
nem 
Fons 


a So een 

ee res ile a 
(ce —S 
| .——:: 


SCg SCs SCz SC3 SC2 SC, SCo 


a_i =o ; i 


a XOR y XOR Cy XOR ¥ | XOR e 


Vo $2/C2 $16/C 16 $ivci Ve V.. SX/CX 


| BREgEEI 
NOR e 


O 


é ERROR 


] DOUBLE ERROR 


LD03710S 


Figure 8. 64-Bit Data Format and !/O Configuration 
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Table 9. Diagnostic Latch Loading 
INTERNAL FUNCTION 

Diagnostic Check Bit X 

Diagnostic Check Bit 0 


Diagnostic Check Bit 1 
Diagnostic Check Bit 2 


Diagnostic Check Bit 4 


3 
| 5 [Diagnostic Check Bit 8 
8 
a 


Diagnostic Check Bit 16 


Don't Care 


MN 


| 8 [Slice 0/1 — CODE ID 0 

| 9 [Slice 0/1 — CODE ID 1 

| 10 [Slice 0/1 — CODE ID 2 
[2 Jae 071 — oc NODE 
a Jae 07 — Pass TR 
[5 Jor cas 
| 24 


3 

5 

2 Slice 2/3 — CODE 1D 0 
| 25 {Slice 2/3 — CODE ID 1 
| 26 [Slice 2/3 — CODE ID 2 
| 27 [Slice 2/3 — DIAG MODE 0 
| 28 [Slice 2/3 — DIAG MODE 1 

2 Slice 2/3 — CORRECT 


Slice 2/3 — PASS THRU 


1 
12 
4 
14 
1 
4 
7 
9 
3 


Pass Thru Mode 

In this mode, the unmodified contents of the 
Data Input Latch are placed on the inputs of 
the Data Output Latch and the contents of 
the Check Bit Input Latch are placed on 
outputs SCo_6¢ of Slice 2/3. ERROR and 
MULT ERROR are forced HIGH in this mode. 


Diagnostic Latches/AC 


Calculations 

Table 9 shows how the latches (Slice 1 and 
Slice 2) are loaded for code 32/39 (32-bit 
format). Table 10 shows key AC parameters 
for the 32-bit configuration. 


64-Bit Data Word Configuration 
The 64-bit format consists of 64 data bits, 
eight check bits and, as previously indicated, 
is designated as the 64/72 code. The data 
format and !/O configuration for a 64-bit word 
is shown in Figure 8. 


The configuration to process the 64-bit format 
is similar to that shown in Figure 2. in this 
configuration a portion of the syndrome gen- 
eration and error detection is implemented 
externally of the EDCs in MSI. For error 
correction the syndrome bits generated must 
be read back into all four EDCs through the 
CB inputs. This necessitates the check bit 
buffering shown in Figure 8. The OE SC 
signal can control the check bit enabling — 
when syndrome bit outputs are enabled the 
external check bit lines will be disabled so 
that the syndrome bits may be read onto the 
CB inputs. 


The error detection signals for the 64-bit 
configuration differ from the 16 and 32-bit 
configurations. The ERROR signal functions 
the same: it is LOW if one or more errors are 
detected, and HIGH if no errors are detected. 


Table 10. Key AC Calculations for the 32-Bit Configuration 


32-BIT 
PROPAGATION DELAY 


Check Bits Out 


DATA 


DATA In 


DATA 
DATA 


Syndromes Out 
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Corrected DATA Out 


ERROR for 32 Bits 


809 


COMPONENT DELAY FROM 2960 
AC SPECIFICATIONS, TABLE C 


(DATA to SC) + (CB to SC, CODE ID 011) 
(DATA to SC) +(CB to SC, CODE !ID 011) + (CB to DATA, CODE ID 010) 
(DATA to SC) + (CB to SC, CODE ID 011) 


{DATA to SC) + (CB to ERROR, CODE ID 011) 


DATA MULT ERROR for 32 Bits (DATA to SC) + (CB to MULT ERROR, CODE ID 011) 
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The DOUBLE ERROR signal is HIGH if and 
only if a double-bit error is detected — it is 
LOW otherwise. All of the MULT ERROR 
outputs of the four devices are valid. MULT 
ERROR is LOW for all three ERROR cases 
and some DOUBLE ERROR combinations — 
See Table 15. It is HIGH if either zero or one 
errors are detected. 


This is a different meaning for MULT ERROR 
than in other configurations. 


Generate Mode 

In this mode check bits will be generated that 
correspond to the contents of the Data Input 
Latch. The check bits generated appear at 
the outputs of the XOR gates as indicated in 
Figure 8. 


Check bits are generated according to a 
modified Hamming code. Details of the code 
for check bit generation are contained in 
Table 11. Check bits are generated as either 
an XOR or XNOR of 32 of the 64 bits as 
indicated in the table. The XOR_ function 
results in an even parity check bit, the XNOR 
in an odd parity check bit. 
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Table 11. 64-Bit Modified Hamming Code Check Bit Encoding 


GENERATED PARTICIPATING DATA BITS 
CHECK PARITY 
BITS 5 8 9 
Even (XOR) 
Even (XOR) 


Odd (XNOR) 


Odd (XNOR) 


Even (XOR) 
Even (XOR) 


Even (XOR) 
Even (XOR) 


GENERATED 
CHECK 


Even (XOR) 
Even (XOR) 


Even = 
Even (XOR) 


GENERATED PARTICIPATING DATA BITS 
CHECK PARITY 
BITS 


CX Even (XOR) X 

Co Even (XOR) X 

C1 Odd (XNOR) X X X X 
C2 Odd (XNOR) X X X X 

C4 Even (XOR) 

C8 Even (XOR) 

C16 Even (XOR) 

C32 Even (XOR) 


GENERATED 
CHECK PARITY 
BITS 


CX Even (XOR) X 
Co Even (XOR) X 
X 
X 


C1 Odd (XNOR) 
C2 Odd (XNOR) 
C4 Even (XOR) 
C8 Even (XOR) 
C16 Even (XOR) 
C32 Even (XOR) 
NOTE: 
The check bit is generated as either an XOR or XNOR of the 32 data bits noted by an ''X"' in the table. 
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Table 12. Syndrome Decode to Bit-In-Error 


s32! 0 1 
SYNDROME $16; 0 0 
BITS ir ae 
s4| 0 0 

SX SO S1 S2 


(o> es © © Re © > ©? 


L Bb Q 
ne) 


(ee) 


* — no errors detected 

Number — the location of the single bit-in-error 
T — two errors detected 

M — three or more errors detected 


Detect Mode 

In this mode the device compares the con- 
tents of the Data Input Latch against the 
contents of the Check Bit Input Latch and will 
detect all single-bit errors, all double-bit errors 
and some triple-bit errors. If one or more 
errors are detected, ERROR goes LOW. If 
exactly two errors are detected, DOUBLE 
ERROR goes HIGH. If three or more errors 
are detected, MULT ERROR goes LOW - the 
MULT ERROR output of any of the four EDCs 
may be used. 


Available as XOR gate outputs are the gener- 
ated syndrome bits — see Figure 8. The syn- 
drome bits may be decoded to determine if a 
bit error was detected and for single-bit er- 
rors, which of the data or check bits is in 
error. Table 12 gives the chart for encoding 
the syndrome bits generated for the 64-bit 
configuration (as an example, if the syndrome 
bits SX/S1/S2/S4/S8/S16/S832 were 
00100101 this would be decoded to indicate 
that there is a single-bit error at data bit 41). If 
no error is detected the syndrome bits will all 
be zeroes. In Detect Mode the contents of 
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1 1 0 0 71 1 0 
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imM| 
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~| 


]2|-[+[=|+ e|+|]=/4]= [=] 7] 
r= 


the Data Input Latch are driven directly to the 
Inputs of the Data Output Latch without 
corrections. 


Correct Mode 

In this mode, the EDC functions the same as 
in Detect Mode except that the correction 
network is allowed to correct (complement) 
any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data 
Output Latch. If multiple errors are detected, 
the output of the correction network is unspe- 
cified, if the single bit error is a check bit there 
is no automatic correction. Check bit correc- 
tion can be done by placing the device in 
generate mode to produce a correct check bit 
sequence for the data in the Data Input Latch. 


To perform the correction step, all four slices 
require access to the syndrome bits which are 
generated externally of the devices. This 
access is provided by reading the syndrome 
bits in through the CB inputs where they are 
selected as inputs to the bit-in-error decoded 
by the multiplexer (see block diagram). The 
device connections for this operation are 


811 


iN 


) 


on 
(=) 


| 
s[+|+[s|+|8|s/-|-/5|5 


shown in Figure 8. When in Correct Mode the 
SC outputs must be enabled so that the 
syndrome bits are available at the CB inputs. 


Pass Thru Mode 

In this mode, the unmodified contents of the 
Data Input Latch are placed on the inputs of 
the Data Output Latch, and the contents of 
the Check Bit input Latch are passed through 
the external XOR network and appear invert- 
ed at the XOR gate outputs labeled CX to 
C32 -— see Figure 8. 


Diagnostic Latch 

The Diagnostic Latch is used for both diag- 
nostic and internal control of the EDC. Table 
13 provides bit definitions and shows the 64- 
bit loading format. 


Diagnostic Generate/Deteci/ 


Correct 

These are special diagnostic modes selected 
by DIAG MODE )..; where either normal 
check bit inputs or outputs are substituted for 
by check bits from the Diagnostic Latch — 
see Table 2 for details. 
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internal Control Mode 
This mode is selected by CODE ID - 2, input 
001 (IDs, IDs, IDo). 


When in Internal Control Mode the EDC takes 
the CODE !Do_2, DIAG MODE )-_;, COR- 
RECT and PASS THRU signals from the 
internal Diagnostic Latch rather than from the 
external control lines—see Table 13 for 
latch loading. 


AC Caiculations 
Table 14 shows key AC parameters for the 
64-bit configuration. 


Functional Equations 

The following equations and tables describe 
in detail how the output values of the 
Signetics 2960 are determined as a function 
of input values and internal states of the chip. 
Before examining the tables, the following 
symbol definitions should be carefully stud- 
ied. 


Don't Care 


| ss 
| 56 |Slice 6/7 — CODE ID 0 
| a7 


57 Slice 6/7 — CODE ID 1 


| 58 {Slice 6/7 — CODE ID 2 


Slice 6/7 — DIAG MODE 0 


om ee 


Table 14. Key AC Calculations for the 64-Bit Configuration 


COMPONENT DELAYS FROM 2960 
AC SPECIFICATIONS, TABLE C (PLUS MSI) 


PROPAGATION DELAY 


(DATA to SC) + (XOR Delay) 


Check Bits Out 
DATA In (DATA to SC) + (XOR Delay) + (Buffer Delay) + (CB to DATA, CODE ID 1xx) 
(DATA to SC) + (XOR Delay) | 


|_DATA in _| 
Syndromes 
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Table 15. TOME (Three or More Errors)* SC Outputs 
Tables 16 through 20 show how outputs 


so; 0 10 1 0 1 0 1 0 1 Oo 1 
ee SCo_6 are generated in each control mode 
$6;/;0 011 0 0 14 4 0 #0 0 0 f CODE IDs (int ; OL RiGa 
$5} 0 0 0 0 1 14 4 141 0 0 1 1 x pele - s (internal control mode 

S$4/.0 6° 0 0 © ©. 0° .0 £ 4 1 1 not applicable). 


cee ofolofo]s{1|i 
"S6, S5, ... SO are internal syndromes except in Modes 010, 100, 101, 110, 111, (CODE IDs, IDy, ID). 
In these modes the syndromes are input over the Check-Bit lines S6 - C6, S5 —- C5, S1 - C1, 


SO - CO. 
**The S6 internal syndrome is always forced to 0 in CODE !D 000. 


DEFINITIONS 


Dj — (DATA; if LE IN is HIGH or the output of bit i of the Data input Latch if LE IN is LOW) 
Cj — (CB; if LE IN is HIGH or the output of bit i of the Check Bit Latch if LE IN is LOW) 
DL; — Output of the bit i of the Diagnostic Latch 

Sj — Internally generated syndromes (same as outputs of SC; if outputs enabled) 
PA «DO ® D1 &@ D2 @ D4 © DE & DB & DIO @ Dit2 


PB «DO © Di © D2 © D3 © D4 © D5 eD6 © D7 
PC D8 ® DI ® DIO © Dil © D1I2 © DIZ D4 © DIS 
PD DO © D3 © D4 © D7 ® D9 © DING D1I3 © DI5 
PE . DO © D1 © D5 © D6 ® D7 © D11eD12 © DIZ 
PF D2 ® D3 ® D4 ® D5 © DE © D7 ED14 © DI5 
PG; - D0 © D4 © DE © D7 

PG. — D1 ® D2 ® D3 @ D5 

PG; - D8 © D9 ® Di1 © D14 


PG, — D10 ® D12 © D1I3 © DI5 


ERROR SIGNALS 
ERROR — (S6- (ID; 1D) - 55 . S4.. 83. SD. ST. SO + GENERATE + INITIALIZE + PASSTHRU 


MULT ERROR (16 and 32-Bit Modes) — ((S6 - ID1) « S5 « S4 e¢ S3 « S2 « S1 » SO) (ERROR) + TOME 
+ GENERATE + PASSTHRU + INITIALIZE 


MULT ERROR (64-Bit Modes) — TOME + GENERATE + PASSTHRU + INITIALIZE 
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Table 16. Syndrome/Check Bit Generation in GENERATE Mode 


CODE ID2-6 


GENERATE MODE 
PGo ® PG3 


SCo« PGo © PG3 PG; © PG3 we ® — <2. ® “<3 


PG; © PG, | PG; ® PG, 
SC;+ PA =e PA 
| PD | PD ro Se po |p 
: er 


SCs5* PC PC PC PC PC 
SCg* 1 PB PC PB PB PB PB 


CODE 1D>_9 
DETECT AND CORRECT = 3 
MODES (SYNDROMES) 010 011 100 101 3=| 110 111 
SCo* ae PG) © PGg . ae PG © PCy PGo ® PG3 | PG; ® PG, | PG; © PG, 
SC} PA © Ct PA © C1 PA PAti(‘|s OPA! 
SC PD PD PD PD PD 
Soe PE PE PE 
SCy PF ® C4 PF PE PF 
ieee oe PC © C5 PC PC PC 
SC or PB © C6 PB PB®C6 | PBeCe 


*In CODE IDo_9 011 the Check-Bit Latch is forced transparent, the Data Latch operates normally. 


Tabie 18. Syndrome/Check Bit Generation in Diagnostic Read Mode 


DIAGNOSTIC 
READ MODE 


SCo» PD PD ¢ PD © CBo 
SC3* PE @ PE «¢ PE ® CBg 


“In CODE IDo..9 011 the Check-Bit Latch is forced transparent, the Data Latch operates normally. 
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Table 19. Syndrome/Check Bit Generation in Diagnostic Write Mode 


CODE ID2- 0 


DIAGNOSTIC 
WRITE MODE 


“In CODE IDo..9 011 the Check-Bit Latch is forced transparent; the Data Latch operates normally. 


Table 20. Syndrome/Check Bit Generation in PASS THRU Mode 


*In CODE |IDso_p9 011 the Check-Bit Latch is forced transparent; the Data Latch operates normally. 
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Table 21. CODE ID2~. = 000* Data Correction 

Tables 21 through 27 show which data output 
bits are corrected (inverted) depending upon 
the syndromes and the CODE ID position. 
Note that the syndromes that determine data 
correction are in some cases syndromes 
input externally via the CB inputs and in some 
cases syndromes generated internally by that 
EDC (Sj; are the internal syndromes and are 
the same as the value of the SC; output of 
that EDC if enabled). 


The tables show the number of data bit 
*Unlisted S combinations are no correction. inverted (corrected) if any for the CODE ID 
and syndrome combination. 


Table 22. CODE ID5-_ 9 = 010* 


*Unlisted CB combinations are no correction. 


Table 23. CODE ID2-9 = 011* 


*Unlisted S combinations are no correction. 


Table 24. CODE ID>_9 = 100* 


*Unlisted CB combinations are no correction. 
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Table 25. CODE ID2_) = 101* 


*Unlisted CB combinations are no correction. 


Table 26. CODE ID2_9 = 110* 


*Unlisted CB combinations are no correction. 


Table 27. CODE ID2_o = 111* 


*Unlisted CB combinations are no correction. 
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SYSTEM DESIGN 
CONSIDERATIONS 


High Performance Parallel 


Operation 

For maximum memory system performance 
the EDC should be used in the Check-Only 
configuration shown in Figure 9. With this 
configuration the memory system operates as 
fast with EDC as it would without. 


On reads from memory, data is read out from 
the RAMs directly to the data bus (same as in 
a non-EDC system). At the same time, the 
data is read into the EDC to check for errors. 


If an error exists the EDC's error flags are 
used to interrupt the CPU and/or to stretch 
the memory cycle. If no error is detected, no 
slowdown is required. 


If an error is detected, the EDC generates 
corrected data for the processor. At the 
designer's option the correct data may be 
written back into memory; error logging and 
diagnostic routines. may also be run under 
processor control. 


The Check-Only configuration allows data 
reads to proceed as fast with EDC as without. 
Only if an error is detected is there any 
slowdown. But even if the memory system 
had an error every hour this would mean only 
one error every 3-4 billion memory cycles. 
So even with a very high error rate, EDC ina 
Check-Only configuration has essentially zero 
impact on memory system speed. 
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ERROR 
MULTI ERROR SC 


EOC UNIT 


DATA 
CONTROL 


Figure 9. Check-Only Configuration 


On writes to memory, check bits must be 
generated before the full memory word can 
be written into memory. The data word is 
frequently buffered while the check bits are 
generated. This makes the check bit generate 
time transparent to the processor. 


EDC in the Data Path 

The simplest configuration for EDC is to have 
the EDC directly in the data path as shown in 
Figure 10. Correct-Always Configuration). In 
the configuration data read from memory is 
always corrected prior to putting the data on 
the data bus. The advantages are simpler 
operation and no need for mid-cycle inter- 
rupts. The disadvantages is that memory 
system speed is slowed by the amount of 
time it takes for error correction on every 
cycle. 


Usually the Correct-Always Configuration will 
be used with MOS microprocessors which 
have ample memory timing budgets. Most 
high performance processors will use the 
high performance parallel configuration 
shown in Figure 9. 


Scrubbing Avoids Double Errors 
Single-bit errors are by far the most common 
in a memory system and are always correct- 
able by the EDC. 


Double bit memory errors are far less fre- 
quent than single bit errors (50 to 1, or 100 to 
1) and are always detected by the EDC but 
not corrected. 


In a memory system, soft errors occur only 
one at a time. A double bit error in a data 
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DATA MEMORY 
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word occurs when a single soft error is left 
uncorrected and is followed by another error 
in the data word hours, days, or weeks after 
the first. 


"Scrubbing'' memory periodically avoids al- 
most all double-bit errors. In the scrubbing 
operation, every data word in a memory is 
periodically checked by the EDC for single-bit 
errors. If one is found, it is corrected and the 
data word written back into memory. Errors 
are not allowed to pile up and so most 
double-bit errors are avoided. 


The scrubbing operation is generally done as 
a background routine when the memory is not 
being used by the processor. 


If memory is scrubbed frequently, errors are 
detected and corrected during processor ac- 
cesses need not be immediately written back 
into memory. Instead the error will be correct- 
ed in memory during scrubbing. This reduces 
the time delay involved in a processor access 
of an incorrect memory word. 


Correction of Double-Bit Errors 
In some cases, double-bit memory errors can 
be corrected. This is possible when one of 
the two bit errors is a hard error. 


When a double bit error is detected the data 
word should be checked to determine if one 
of the errors is a hard error. If so the hard 
error bit may be corrected by inverting it 
leaving only a single, correctable error. The 
time for this operation is negligible since it will 
occur infrequently. 
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DATA 
BUS 


ADORESS 
BUS 


CONTROL 


result will be 1's. If there is a hard 
error, it will have the same bit value 
regardless of what was written in. So it 
will show as a 0 after the XOR 
operation. 


The procedure after detection of a double 
error is as follows: 
®@ Invert the data bits read from memory. 
® Write the inverted data back into the 
same memory word. 
® Re-read the memory location and XOR ® Invert the hard error bit (this will 
the newly read out value with the old. If correct’ it) leaving only one error in 
there is no hard error then the XOR the data. 


Example of Double Bit Error Correction When One is a Hard Error 


1) Data read from memory (Do2) 


2) EDC detects a multiple error 
Syndromes: 


3) Syndrome decode indicates a double bit error. 

4) Invert the bits read from memory (D;1) 

5) Write Dy back to the same memory location. 

6) Read back the memory location (Do) 

7) XOR D, and Do 

8) So the last data bit is the hard error. Use this to modify D, 


2961/2962 | 
BUFFERS | 


Figure 10. Correct-Always Configuration 


| CHECK MEMORY | 


aho0e2705 


| 
f DATA MEMORY 
| 
| 
. 


® The EDC can then correct the single bit 
error. 


® Rewrite the correct data word into 
memory. This does not change the hard 
error but does eliminate the soft error. 
So the next memory access will find 
orily a single-bit, correctable error. 


An example helps to illustrate the procedure: 


16 DATA BITS 6 CHECK BITS 
1111171100000011 011010 


0171000 


9) Pass the modified D; through the EDC. The EDC detects a single bit correctable 


error and outputs corrected data. 


Write the corrected data back to memory to fix the soft error 


000000001 1111100 100107 
0000000011111101 100101 
1111111100000010 114771 
1111111100000010 011010 
1111111100000000 011010 
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Error Logging and Preventative 


Maintenance 

The effectiveness of preventative mainte- 
nance can be increased by logging informa- 
tion on errors detected by the EDC. This is 
called error logging. 


The EDC provides syndromes when errors 
are detected. The syndromes indicate which 
bit is in error. In most memory systems, each 
individual RAM supplies only one bit of the 
memory word. So the syndrome and data 
word address specify which RAM was in 
error. 


Typically a permanent/hard RAM failure is 
preceded by a period of time where the RAM 
displays an increasing frequency of intermit- 
tent, soft errors. Error logging statistics can 
be used to detect an increasing intermittent 
error frequency so that the RAM can be 
replaced before a permanent failure occurs. 


Eyror logging also records the location of 
already hard failed RAMs. With EDC a hard 
failure will not halt system operation. EDC 
always can correct single bit errors even if itis 
a tard error. EDC can also correct double bit 
errors where one is hard and one soft. The 
abilily to continue operation despite hard 
errors can greatly reduce the need for emer- 
gency field maintenance. The hard-failed 
HAMs can be instead replaced at low cost 
during a regularly scheduled preventative 
maintenance session. 


Heducing Check Bit Overhead 
Memory word widths need not be same as 
the data word width of the processor. There is 
a substantial reduction in check bit overhead 
if wider memory words are used. (See Table 
28.) 


This reduction in check-bit overhead lowers 
cost and increases the amount of data that 
can be packed on to each board. 


The tradeoff is that when writing data pieces 
into memory that are narrower than the mem- 
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Table 28. Reducing Check Bit Overhead 


MEMORY WORD 


# Data Bits 


ory word width, more steps are required. 
These steps are exactly the same as those 
described in Byte Write in the Applications 
section. No penalty exists for reads from 


memory. . 


EDC per Board vs EDC Per 


System 

The choice of an EDC per system or per 
board depends on the economics and the 
architecture of the system. 


Certainly the cheaper approach is to have 
only one EDC per system and this is a viable 
solution if only one memory location is ac- 
cessed at a time. 


This solution does require that the system 
have both data and check bit lines - see 
Figure 11. This makes retrofitting a system 
difficult and creates complications if static or 
ROM memory, which do not require check 
bits, are mixed in with dynamic RAM. 


lf the system has an advanced architecture it 
is quite likely that it is necessary to simulta- 
neously access memory locations on differ- 
ent memory boards — see Figure 12. Archi- 
tectural features that require this are inter- 
leaved memory, cache memory, and DMA 
that is done simultaneously with processor 
memory accesses. EDC per board is a sim- 
pler system from a design standpoint. 


The EDC is designed to work efficiently in 
either the per system or per board configura- 
tions. 
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Test Information 

Incoming test procedures on this device 

should be carefully planned, taking into ac- 

count the complexity and power levels of the 
part. The following notes may be useful. 

1. Insure the part is adequately decoupled 
at the test head. Large changes in Vcc 
current as the device switches may 
Cause erroneous function failures due to 
Voc changes. 

2. Do not leave inputs floating during any 
tests, as they may start to oscillate at 
high frequency. 

3. Do not attempt to perform threshold tests 
at high speed. Following an input transi- 
tion, ground current may change by as 
much as 400mA in 5 — 8ns. Inductance in 
the ground cable may allow the ground 
pin at the device to rise by 100's of 
millivoits momentarily. 

4. Use extreme care in defining input levels 
for AC tests. Many inputs may be 
changed at once, so there will be signifi- 
cant noise at the device pins and they 
may not actually reach Vi. or Viy until the 
noise has settled. Signetics recommends 
using Vi. 0.4V and Vi -—2.4V for AC 
tests. 

5. To simplify failure analysis, programs 
should be designed to perform DC, Func- 
tion, and AC tests as three distinct 
groups of tests. 

6. To assist in testing, Signetics offers doc- 
umentation on our test procedures and, 
in most cases, can provide Fairchild Sen- 
try programs, under license. 
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Figure 12. EDC Per Board 
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ABSOLUTE MAXIMUM RATINGS (Above which the useful life . 


may be impaired) 
| PARAMETER 


} 


ro zest 8 ods atta Soe ies eisai arrears einen 


forage Temperature 
Temperature (Case) Under Bias 
Supply Voltage to Ground Potential 
DC Voltage Applied to Outputs for High 
Output State 
DC Input Voltage 
DC Output Current, Into Outputs 
DG Input Current 


OPERATING RANGE 


PART NO. 


N29601 


RATING UNIT 
-65 to +150 °C 


-55 to +125 
-0.5 to +7.0 


~0.5 to Voc max. 


-0.5 to +5.5 
30 
~30 to +5.0 


DC CHARACTERISTICS Voc MIN = 4.75V, Voc MAX = 5.25V 


[OTE tener ne emer reninaetnttmatnmne eenanemteemammt 


PARAMETER 


Vow oven HIGH voltage 


Output LOW voltage 


| VoL 

ee er INE, Ene eR SOE ROE SE 

| Vin input HIGH voltage 
Vii input LOW voltage 
Vi input clamp voltage 


input LOW current 


Off state (high impedance) 
loz.* | output current 


NOTES: 


TEST CONDITIONS' 


lon = -0.8mA 2.7 


Guaranteed input logical HIGH 
voltage for all inputs® 


UNIT 


Voc = MIN, 
Vin = Vin or Vit 


Vcc = MIN, 
Vin = Vin or Vit 


Guaranteed input logical LOW 
voltage for all inputs® 


Voc = MIN, lin =-18mA 


Voc = MAX DATAo - 15 
Vin = 0.5V All other inputs 


Voc = MAX 


N 
° 
< 
ao] 
N 
| | j 
og ered ea 
o;o;o 


All other inputs 


Voc = MAX, Vin = 5.5V 


Vo = 2.4V 
DATAg - 15 cor 
o=0. 
— Vo = 2.4 
Vo = 2.4V 
. Vo = 0.5V 


~~] = N 
O1o Oo 


Coa We eg ope 
= 3 ‘= 


Veco = Voc MAX + 0.5V, Vo = 0.5V 


Voc = MAX 


1 
nm 
A) 
° 
7) 
ro) 
3 
> 


1. For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These are three-state outputs internally connected to TTL inputs. Input Characteristics are measured with output enables HIGH. 

5 

6 


. Worst case icc is at minimum temperature. 


. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 
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GUARANTEED PERFORMANCE operating range of 0 to + 70°C, with Vcc from This data applies to the following part num- 
OVER COMMERCIAL 4.75V to 5.25V. All data are inns with inputs bers: N2960N and N2960I. 
switching between OV and 3V at 1V/ns and 
TEMPERATURE RANGE OF 0 measurements made at 1.5V. All outputs 
TO +70°C have maximum DC load. 
The tables that follow specify the guaranteed 
performance of the 2960 over the commercial 


COMBINATIONAL PROPAGATION DELAYS — C, = 50pF 


DATAo - 15 MULT ERROR 


65* 


DATAg - 15 


CBo-~6 

(CODE 1Ds_9 000, 011) 

CBo-6 

(CODE IDs_9 010, 100, 101, 110, 111) 


GENERATE 

CORRECT 

(Not internal control mode) 
DIAG MODE 

(Not internal control mode) 
PASS THRU 

(Not internal control mode) 


CODE IDo_9 


LE IN 

(From latched to transparent) 
LE OUT 

(From latched to transparent) 


LE DIAG 
(From latched to transparent; 
not internal control mode) 


a 
fo) 


f 
oO 


N oO 
& id) 


oe] 
© 


“i 
NO 
* 


ie) 


n 


N 
ee) 


Internal control mode: 
LE DIAG 
(from latched to transparent) 


Internal control mode: 
DATAo — 15 
(via diagnostic latch) 


a 
& 
BS 


N N oO 


“Data In (or LE In) to Correct Data Out measurement requires timing as shown below. 


VALID | CORRECT 
INPUT DATA IN TO DATA 
CORRECT DATA OUT OUTPUT 


YYXXXYYLYEAKN 
HY 


DATA TO LE IN 
SET-UP TIME 


LE IN 


DATA TO LE IN 
HOLD TIME 


OE BYTE 0&1 
WF11110S 


** Device not tested in GENERATE mode. 
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SET-UP AND HOLD TIMES RELATIVE TO LATCH ENABLES 


TO 
FROM INPUT (LATCHING 
UP DATA) 


CBo-6 
(CODE !D 000, 011) 


CODE IDo_» 


LE IN 


SET-UP 
TIME 


OUTPUT ENABLE/DISABLE TIMES output disable tests performed with 


C, = 5pF and measured to 0.5V change of output voltage level. 
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OE BYTE 0, OE BYTE 1 
OE SC 


Three-State Outputs: Normal Outputs: 


Vee 


O = = = 
TCO3550S, 
$3 


TC03540S 


NOTES: 
. C. = 50pF includes scope probe, wiring and stray capacitances without devices in test 


fixture. 


. $4, Se, S3 are closed during function test and all AC tests, except output enable tests. 
. S; and Ss are closed while So is open for tpz, test. 


S; and Se are closed while Sy is open for tpz, test. 


. Ro = 1K for three-state output. 


Re is Getermined by the loy at Voy = 2.4V for non-three-state output. 


. Ry is determined by lo, (MIL) with Voc = 5.0V minus the current to ground through Ro. 


C, = 5.0pF for output disable tests. 


4 


PACKAGE DATA 


TYPE: Plastic and Ceramic 
Configuration: DIP 

Width: C =0.6" P = 0.55” 
Length: 2.4" 


Pin Centers: 2.54 BSC 
ORDERING INFORMATION 


Commercial: 
N2960N (Plastic) 
N2960I (Ceramic) 
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| LE IN, LE OUT, LE DIAG | 15 | 
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APPLICATIONS 
Byte Write 


Byte operations are increasingly common for 
16 and 32-bit processors. These complicate 
memory operations because check bits are 
generated for a complete 16 or 32 or 64-bit 
memory word, not for a single byte. 


To write a byte into memory with EDC re- 
quires the following steps — See Figures 13 
and 14. 

® Latch the byte into the bus buffers 


@ Read the complete word from memory 

® Correct the complete data word if 
necessary 

@ Insert the byte to be written into the 
data word 


@ Generate new check bits for the entire 
data word 


®@ Store the data word back into memory. 


(In fact these steps must be taken for any 
piece of data being written into memory that 
is not as wide as a full memory word). 


The EDC is designed with the intent of 
keeping byte operations simple in error detec- 
tion/correction systems. The EDC has sepa- 
rate output enables for each byte in the Data 
Output Latch. As shown in Figures 13 and 14, 
this allows the data word to be read from 
memory, the new byte to be inserted among 
the old, and new check bits to be generated 
using less time and less hardware than if 
separate byte enables were not available. 


Diagnostics 

EDC is used to boost the reliability of the 
overall system. It is necessary to also be able 
to check the operation of the EDC itself. For 
this reason the EDC has an internal control 
mode, a diagnostic latch, and two diagnostic 
modes. 


To check that the EDC is functioning properly, 
the processor can put the EDC under soft- 
ware control by setting CODE IDo-_o to 001. 
This puts the EDC into Internal Contro! Mode. 
In Internal Control Mode the EDC is con- 
trolled by the contents of the Diagnostic 
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8 
16 
32 
64 


Latch, which is loaded from the DATA inputs 
under processor control. 


The EDC is set into CORRECT Mode. The 
processor loads in a known set of check bits 
into the Diagnostic Latch, a known set of data 
bits into the Data in Latch, and forces data 
errors. The output of the EDC (syndromes, 
error flags, corrected data) is then compared 
against the expected responses. By exercis- 
ing the EDC with a string of data/check 
combinations and comparing the output 
against the expected responses, the EDC can 
be fully checked out. 


Eight Bit Data Word 

Eight bit MOS microprocessors can use EDC 
too. Only five check bits are required. The 
EDC configuration for eight bits is shown in 
Figure 15. It operates as does the normal 16- 
bit configuration with the upper byte fixed at 
0 


Other Word Widths 

EDC on data words other than 8, 16, 32, of 64 
bits can be accomplished with the 2960. In 
most cases the extra data bits can be forced 
to a constant and EDC will proceed as 
normal. For example a 24-bit data word is 
shown in Figure 16. 


Single Error Correction Only 

The EDC normally corrects all single bit errors 
and detects all double bit and some triple bit 
errors. TO save one check bit per word the 
ability to detect double bit errors can be 
sacrificed — single errors are still detected 
and corrected. 


Figure 17 shows single error correction only 
configurations for 8, 16, 32, and 64-bit data 
words respectively. 
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CHECK BITS REQUIRED 


DATA BITS Single Error Single Error Correct 
Corrections Only & Double Error Detect 


4 
5 
6 
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7 
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Check Bit Correction 

The EDC detects single bit errors whether the 
error is a data bit or a check bit. Data bit 
errors are automatically corrected by the 
EDC. To generate corrected check bits once 
a single check bit error is detected, the EDC 
need only be switched to GENERATE mode 
(data in the DATA INPUT LATCH is valid). 


The syndromes generated by the EDC may 
be decoded to determine whether the single 
bit error is a check bit. 


In many memory systems, a check bit error 
will be ignored on the memory read and 
corrected during a periodic ''scrubbing" of 
memory — see System Design Considera- 
tions). 


Multiple Errors 

The bit-in-error decode logic uses syndrome 
bits SO through S32 to correct errors, SX is 
only used in developing the multiple error 
signal. This means that some multiple errors 
will cause a data bit to be inverted. 


For example, in the 16-bit mode if data bits 8 
and 13 are in error the syndrome 111100 (SX, 
SO, Si, S2, S4 S8) is produced. This is 
flagged a double error by the error detection 
logic, but the decoded bit-in-error only re- 
ceives syndrome 11100 (SO, S1, S2, S4, S8) 
which it decodes as a single error in data bit 0 
and inverts that bit. If it is desired to inhibit 
this inversion, the multiple error output may 


~ be connected to the correct input as in Figure 


18. This will inhibit correction when a multiple 
error occurs. Extra time delay may be intro- 
duced in the data to correct data path when 
this is done. 
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' DATA DATA 
MEMORY MEMORY 
HIGH BYTE LOW BYTE 


AFO2660S 


Figure 13. Byte Write, Phase 1: Read Out The Old Word And Correct 


DATA DATA 
MEMORY MEMORY 
HIGH BYTE LOW BYTE 


BUFFERS 


AF02670S 


Figure 14. Byte Write, Phase 2: Insert The New Byte Generate Checks And Write Into Memory 
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Error Detection and Correction (EDC) Unit 2960 


ani AAMRACEISC NG MRE EET AMET 


D7.0 CBo-4 OBs.¢ 


DATA CHECKS | 
015-8 


Vec OE BYTE 1 


EDC 


OE DATA OE BYTE 2 


ERROR MULTI ERROR SCo.4 


ERROR CHECK BITS 


TCO3S60S 


ERROR MULT SYNDROMES 
Figure 15. 8-Bit Configuration | 


DATA23.16 DATA45.9 CHECKS OE SC 


EDC 


SCo.6 


TCO3870S 


Figure 16. 24-Bit Configuration 


i 
i 
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2960 


DATA 


CHECKS 


DATA 15-0 


SYNDROMES 
_ CHECK BITS 


L003720S 


a. 8-Bit Data Word 


DATA31.16 DATAys.9 CHECKS 


DATA CHECKS 


DATA15-s DATA?7.9 CBy-4 
OE BYTE 1 CBo. 5,6 


OE BYTE 2 


CODE !D 
$C1.4 


SYNDROMES 
CHECK BITS 
0037308 


b. 16-Bit Data Word 


OE sc 


OE sc 


CODE iD | 


PARTIAL SYNDROMES 


CHECKS 


ERROR S'YNOROMES CHECK BITS 


c. 32-Bit Data Word 


NOTE: 
“The code ID combination for this slice forces the check bit latch transparent. 


LD03740S 


Figure 17. Single Error "Correction Only'' Configurations 


ona rae Prem ete ner RA 
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CE OATA63.48 CHECKS DATA47.32 DATA3}.16 DATA45.0 


CBo.6 015.0 CBo-6 


035.0 CBo.6 D45.0 CBo.6 D15-0 


EDC _ 
BYTES 0&1 OESC 


EOC _ 
BYTES 6&7 OESCH 


EOC _ 
BYTES 4&5 OESC 


EOC _ 
BYTES 2&3 OESC 


CBi.6 CB1.6 CB1-6 CB1.6 ~ 


“Same as Figure 6 except without SX CX KOR gate 


SYNOROMES CHECK BITS ERROR 


LDO3750S 
d. 64-Bit Data Word 
NOTES: 


1. In Pass Thru Mode the contents of the check latch appear on the XOR outputs inverted. 
2. In Diagnostic GENERATE Mode the contents of the diagnostic latch appear on the XOR outputs inverted. 


Figure 17. (Continued) | 


DATA CHECKS CORRECT 


| 


cB 


EDC CORRECT 


MULTI 
ERROR 


ERROR 


10037608 


Figure 18. Inhibition Of Data Modification 
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FEATURES 

e Operating Options — controls 16K 
or 64K DRAMs 

e 8-Bit Refresh Counter — refresh 
address generation, clear input, 
and selectable terminal count 
(128 or 256) output 

e Row Address Decoder — four 
Active Row Address Select (RAS) 
outputs during refresh 

e On-Chip Latches — dual 8-bit 
address latches and RAS 
decoder latches 

e User-Selectable Refresh Modes — 
burst, distributed or transparent 

e 3-port, 8-bit address multiplexer 
with Schottky speed 

e Non-inverting address for RAS 
and CAS signal paths 


MSEL 
Ao 
A; 
Ag COLUMN 
: ADDRESS 
Ais LATCH 
LE 
CLR 


RSELy —————__ BANK 

SELECT 

RSEL, LATCH 
RASI 
RFSH 
CASI 


2964B 


Dynamic Memory Controller 


Product Specification 


PRODUCT DESCRIPTION 

The Signetics 2964B Dynamic Memory 
Controller (DMC) provides address mul- 
tiplexing, refresh address generation, 
and RAS/CAS control for dynamic 
RAMs of any data width. The eight-bit 
address path is designed for 64K 
DRAMs but can be used equally well 
with 16K DRAMs. Sixteen address input 
latches and two row address select 
latches (for higher order addresses) al- 
low the DMC to control up to 256K 
words of memory (with 64K DRAMs) by 
using the internal RAS decoder to select 
from one-of-four banks of DRAMs. 


FUNCTIONAL OPERATION 

The Signetics 2964B Dynamic Memory 
Controller (Figure 1) replaces a dozen 
MSI devices by grouping several unique 


ADORESS 
MUX 


ADDRESS 


functions. Two 8-bit latches capture and 
hold the memory address. These latches 
and a clearable, 8-bit refresh counter 
feed into an 8-bit, 3-input, Schottky 
speed MUX, for output to the DRAM 
address lines. 


The 2964B also includes a special RAS 
decoder and CAS buffer. Placing these 
functions on the same chip minimizes 
the time skew between output functions 
which would otherwise be separate MSI 
chips, and therefore, allows a faster 
memory cycle time by the amount of 
skew eliminated. 


The RAS Decoder allows upper ad- 
dresses to select one-of-four banks of 
DRAM by determining which bank re- 
ceives an RAS input. During refresh 
(RFSH = LOW), the decoder mode is 
changed to four-of-four and all banks of 


Ss 


——p; 


al 
oO 


GENERATOR 


ere ed Aas 
DECODE 
2, ~ 


BUFFER 


BD02240S 


Figure 1. Block Diagram of 2964B Dynamic Memory Controller (DMC) 
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2964B PACKAGE/PIN DESIGNATIONS 


DYNAMIC MEMORY CONTROLLER 


IDENTIFIER FUNCTION 


So, RAS3 Row Address Strobe outputs (RAS). Each 
So, RAS; provides a Row Address Strobe for one of 
the four banks of memory. Each will go active 
LOW only when selected by RSELo and 
RSEL; and only when RASI goes active 
LOW. All RASo.3 outputs go active low in 


response to RASI when RFSH goes LOW. 


The Row Address Strobe input. During 
normal memory cycles, the selected RAS 
Decoder output, RAS», RAS;, RAS» or 
RASs, will go active LOW in response to an 
active LOW input at RAS!. During refresh 
(RFSH = LOW), all RAS outputs go LOW in 
response to RASI = LOW. 


The RAS decoder Select inputs. Data 
(latched) at these inputs (normally higher- 
order addresses) is decoded by the RAS 
Decoder to ''RAS Select" one of four banks 


of memory with RASo, RAS;, RAS» or RAS3. 
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IDENTIFIER FUNCTION 


The Column Address Strobe output. The 
active LOW CASO output strobes the 
Column Address into the dynamic RAM. 
CASO is inhibited during refresh (RFSH 
= LOW). 


The Column Address Strobe. An active LOW 
input at CASI will result in an active LOW 
output at CASO, unless a refresh cycle is in 
progress (RFSH = LOW). 


The refresh counter Clear input. An active 
LOW input at CLR resets the refresh counter 
to all LOW (refresh address output to all 
HIGH). 


The Terminal Count output. A LOW output at 
TC indicates that the refresh counter has 
been sequenced through either 128 or 256 
refresh addresses depending on Ais. The TC 
output remains active LOW until the refresh 
counter is advanced by the rising edge of | 
RASI or RFSH. 


+5V power supply 


The high-order Address inputs are used to 
latch eight Column Address inputs for the 


DRAM. These inputs drive the outputs 
Oo-O7 when MSEL is LOW —see next 
paragraph. 


Ais is a dual input. With normal TTL level 
inputs. Ays5 acts as an address input for 64K 
DRAMs. If Ays5 is pulled up to + 12V through 
a 1K resistor, the terminal count output TC 
will go LOW every 128 counts (for 16K 
DRAMs) instead of every 256 counts. 


The DRAM address outputs. The eight-bit 
width is designed for DRAMs up to 64K. 


The low-order Address inputs are used to 
latch eight Row Address inputs for the 
DRAM. These inputs drive the outputs 
Oy -O7 when MSEL is HIGH. 


The Multiplexer-SELect input determines 
whether low-order or high-order address 
inputs appear at the multiplexer outputs 
Oo - O7. When MSEL is HIGH, the low-order 
address latches (Ag -A7) are connected to 
the outputs. When MSEL is LOW, the high- 
order address latches are connected to the 
outputs. 
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2964B PACKAGE/PIN DESIGNATIONS (Continued) 


PIN PIN 
NO. IDENTIFIER FUNCTION NO. IDENTIFIER FUNCTION 


The Refresh control input. When active 30 GND Ground. 
LOW, the RFSH input switches the address 
output multiplexer to output the inverted 
contents of the 8-bit refresh counter. RFSH 
LOW also inhibits the CAS buffer and 
changes the mode of the RAS decoder from 
one-of-four to four-of-four so that all four 


36 LE The address latch enable input. An active 
HIGH input at LE causes the two 8-bit 
address latches and the 2-bit RAS Select 
input latch to go transparent, accepting new 
input data. A LOW input on LE latches the 
input data which meets set-up and hold time 


RAS decoder outputs, RASo, RAS}, RAS» requirements 


and RAS3, go LOW in response to a LOW 
input at RASI. This action refreshes one row 
address in each of the four RAS decoded 
memory banks. The refresh counter is 
advanced at the end of each cycle by the 
LOW-to-HIGH transition of RFSH or RASI 
(whichever occurs first). In burst mode 
refresh. RFSH may be held LOW and refresh 
accompanied by toggling RASI. 


memory receive an RAS input for refresh in Burst mode refresh is accomplished by hold- an address input. For 16K DRAMs, it can be 
response to an RASI active LOW input. CAS — ing RFSH low and toggling RASI. pulled to +12V through 1K to terminate the 


is inhibited during refresh. A;s is @ dual function input which controls the refresh count at 128 instead of 256. 


refresh counter's range. For 64K DRAMs, it is 


TRUTH TABLES: CASO FUNCTION 
RAS OUTPUT FUNCTIONS 
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REFRESH ADDRESS COUNTER FUNCTION 


As [cur | AGH | asi | To | AEFREGHCOWT | _—~FANGTION 
NC 


Output refresh address 
no change for counter 


Return RAS; to HIGH and 
xX Count - 1 
decrement counter 
Terminal count for 
Terminal count for 
004 and 804 128 line refresh 
ABSOLUTE MAXIMUM RATINGS (Above which useful life may be impaired) 


Storage temperature -65 to + 150°C 
Temperature (ambient) under bias -55 to +125°C . 
Supply voltage to ground potential -0.5 to +7.0V 


DC voltage applied to outputs 
+ 
for high output state +0.5V to +Vcc MAX 


*Through 1K{2 resistor. 


DC input voltage -0.5 to 5.5V 
DC input current . -30 to +5.0mA 
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DC ELECTRICAL CHARACTERISTICS Commercial: T, =0 to + 70°C, Voc = 5.0V (+5%), (Min = 4.75V), (Max = 5.25V) 


2964B 


DESCRIPTION TEST CONDITIONS! UNIT 
[in| Typ? | Max | 
vanww [re ites} ff 
Vou Output HIGH voltage Vin = Vig or Vip ; 
Voc = MIN 
Vou Output HIGH voltage Vin = Vi or Vic pI ouTeyts 2.0 Vv 
except TC 
lon = -15mA 
All outputs except 
ae mee 0.5 V 
Vor Output LOW voltage veo = MIN TG, lo, = 16mA Sf fos |v | 


Vin = Vin or tit == 
TG, lo, = 8mA bee 4 0.5 
2.0 


Vig Input HIGH level Guaranteed input logical HIGH V 
voltage for all inputs 
Vit Input LOW level Guaranteed input logical LOW a 08 


voltage for all inputs 


Input clamp voltage Voc = MIN, lin = -18MA 


i 

= 
On 
< 


RASI — 32 | mA 
Input LOW current GAS) spaniel | 16 | ma | 

nBelon Le | | 04 

rs ea 
Input HIGH current CASI, MSEL, RFSH ae 50 MA 


Ao — Ais; CLR 
RSELo 1, LE 


RAS! 


N 
Oo 


CASI, MSEL, RFSH 


Apt CUR 
RSELo4, LE 


~- 
© 


: : tS 


Input HIGH current 


a 
ie 
> 


Voc = MAX (note 3) -100 | mA 


I 
DS 
oO 


Isc Output short circuit current 


w 
= 
> 


Power supply current ae ee: | ma | 

loc (note 4) 0 to 70°C mA 

It Ais Enable current Ais connected to +12V through 1KQQ+10% fe ie Sd 
NOTES: | 


1. For conditions shown as MIN or MAX, use the appropriate value specified under DC Electrical Characteristics for the applicable device type. 

2. Typical limits are at Voc = 5.0V, 25°C ambient and maximum loading. 

3. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. loc is worst case when the Address inputs are latched HIGH, the refresh counter is at terminal count (255), RASI and CASI are HIGH and all other inputs are LOW. 
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AC ELECTRICAL operating range for capacitive loads of 50 and)~=ments and that limits for tsxew and tpp are 
CHARACTERISTICS 150 picofarads, respectively. Note that the guaranteed test limits for the device. All AC 


minimum specified limits for tpw, ts, and t4 parameters are specified at 1.5 volts. 


Tables 1 and 2 specify performance charac- os : 
are for minimum system operating require- 


teristics of the Signetics 2964B over the 


Table 1. Performance Characteristics for Capacitive Loading of 50 Picofarads 


ay See DESCRIPTION Ta = 0°C to + 70°C UNIT 
Figure 2. . | Voc = 5.0V +5% 


RASI to RAS, (RESH =H) 20 


RAS! to RAS; (RFSH = L) 20 


Fw 0 OAR 


RSEL, to LE Set-up time 0 
RSEL, to LE Hold time 


24 ts CLR Recovery time 
25 tsxkew O; to RAS; (RFSH = H, Note 2) 


26 tsxew O; to CASO (Note 2) 
27 tsxeEw O; to RAS; (RFSH =L, Note 3) 


eee O; to RAS; (MSEL =Z, Note 4) ns 


_ 


— 
Lo) 


o1o}] hr 
— 
o 


= 
oO 
—_ 
“J 


as 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


Table 2. Performance Characteristics for Capacitive Loading of 150 Picofarads 
COMMERCIAL 


PARAMETER 
— See DESCRIPTION 
Figure 2. 


Ta=0°C to +70°C «| UNIT 


Voc = 5.0V +5% 


Typ 


20 
18 


ye) 
on 


Ph 7 Nh 
&] Ss 
a 
77) 


REM TDI NM 
ln | & iN 


or 
5 
n 


ine) 
N 
=) =) =) 
ie) n n” 


p>) 
n 


+ 
ia) 
N 


iS) 
ioe) 
=) 
n 


= 
GQ) 
oO 


o;ph, 
nn} on] © 
3 =] =] 
” ” ” 


164) 
Oo 


Nh 


oh oi —h 
oO|;]o Ae) 


RSEL, to LE Set-up time 
RSEL, to LE Hold time 


os 
i 


O, to RAS, (RESH =H, Note 2) 
O,; to CASO (note 2) 

O, to RAS, (RFSH =L, Note 3) 
O; to RAS, (WSEL “L, Note 4) 


NOTES: 

1. RFSH inhibits CASO during refresh. Specification is for CASO inhibit time. 

2. O; to RAS), (RFSH = HIGH) skew is guaranteed maximum difference between fastest RAS! to RAS; delay and slowest A; to O; delay within a single device. O; to 
CASO skew is maximum difference between fastest CASI to CASO delay and slowest MSEL to O; delay within a single device. See application section entitled 
Memory Cycle Timing for correlation to System Timing requirements. 

3. O; to RAS;, (RFSH = LOW) skew is guaranteed maximum difference between fastest RASI to RAS; delay and slowest RFSH to O; delay within a single device. See 
application section on Refresh Timing for correlation to system refresh timing requirements. 

4.0, to RAS| (MSEL ~ t_) skew is guaranteed maximum difference between fastest MSEL — _ to O; delay and slowest RASI to RAS; delay within a single device. 


— | oo a | G 
fare 
fe>) 
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TIMING DIAGRAM 


ADORESS VALID 
nee eS 
(1) 


6 
3 
SS 


ro COLUMN ADDRESS VALID 3 
MEMORY CYCLE 
| REFRESH CYCLE 
RASI 


Lo 


5 

®) 

® 15 
A 
Z 


Zp 


LE 


canal 


MSEL 


RSEL, 


MEMORY CYCLE TIMING 


re 0 ee 0 EE UO ENE SOR TETAEE 0 een CERES 


REFRESH TIMING 


2 
572) 


WF10980S 


Figure 2. Dynamic Memory Controlier Timing 
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MEMORY CYCLE TIMING to guarantee that DRAM timing requirements T,MIN = tran + tog 
The relationship between DMC specifications are met and that maximum system perfor- ToMIN = ty + tag + tasc 
and system timing requirements are shown in ™ance is achieved. T3MIN = tasr + tes where, 


tray = Row Address Hold Time 
tasc = Column Address Set-up Time 
tasr = Row Address Set-up Time 


Figure 3. 1, Ta, and T3 represent the mini- The minimum requirements for Ty, Ts, and T3 
mum timing requirements at the DMC inputs = are as follows: 


Aj 
(1) 
| 
ee D0 OX common 
’ RASI (TEST) 


ae 
vs ANN 
ae 
MSEL 5 
=e 


WF10960S 


Legend 

@) = Guaranteed maximum difference between fastest RASI, to RAS delay and the slowest A; to 0, delay on any single device. 

= Guaranteed maximum difference between fastest CASI to CASO delay and the slowest MSEL to 0; delay on any single device. 
@) = Guaranteed maximum difference between fastest MSEL to Oj; delay and the slowest RASI to RAS; delay on any single device. 


a. Specifications Applicable to Memory Cycle Timing 


COLUMN ADDRESS 


0 | XY) Ean LOY corm a0 


T3 
RASi 
tasr tram 
mrs WAS 
MSEL 
T2 
CASI 
tasc 
CASO 


WF10970S 
b. Desired System Timing 


Figure 3. Memory Cycle Timing 
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REFRESH CYCLE TIMING 
The timing relationships for refresh are shown 
in Figure 4. 


T4 minimum is calculated as follows: 


T4 = tasr + to7 . Ber 


Burst refresh timing is shown in Figure 5. 


AC WAVEFORMS 


: | 
PKA Aties® 


/\ VALID 
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Guaranteed maximum difference between fastest RASI, to RAS delay and 
the slowest RFSH to O, delay on any single device. 


Figure 4a. Refresh Timing — Test Waveforms 


@) = Guaranteed maximum difference between fastest RAS!, to RAS delay and 
the slowest RFSH to O; delay on any single device. 


Figure 4b. Refresh Timing — Desired System Timing 
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The timing shown assumes that burst mode applications may power-down the 2964B with the RAM. Therefore, the counter is cleared prior to executing the refresh sequence 


Figure 5. Burst Refresh Timing 
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ORDERING INFORMATION 
Commercial: 

N2964BN (Plastic) 

N2964BI (Ceramic) 


PACKAGE DATA 


Type: Plastic or Ceramic 
Configuration: DIP 
Width: 0.6 in. 

Length: 2.0 in. 

Pin Centers: 0.1 in. 


APPLICATIONS 


Speed with Minimum Skew 

The DMC provides Schottky speed in all of 
the critical paths. In addition, time skew 
between the Address, RAS and CAS paths is 
minimized (and specified) by placing these 
functions on the same chip. The inclusion of 
the CAS buffer allows matching of its propa- 
gation delay, and also provides the CAS 
inhibit function during RAS — only refresh. 


input Latches 

The eighteen input latches are transparent 
when LE is HIGH and latch the input data, 
meeting the set-up and hold time require- 
ments when LE goes LOW. In systems with 
separate address and data buses, LE may be 
permanently enabled HIGH. 


Refresh Counter 
The 8-bit refresh counter provides both 128 
and 256 line refresh capability. Refresh con- 
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trol is external to allow maximum user flexibili- 
ty. Transparent (hidden), burst, synchronous 
or asynchronous refresh modes are all possi- 
ble. 


The refresh counter is advanced at the LOW- 
to-HIGH transition of RFSH (or RASI). This 
assures a stable counter output for the next 
refresh cycle. The counter will continue to 
cycle through 256 addresses unless reset to 
zero by CLR. This actually causes all output 
to go HIGH since the output MUX is inverting. 
(Address inputs to outputs are non-inverting 
since both the input latches and output MUX 
are inverting.) 


Refresh Terminal Count 

The refresh counter also provides a Terminal 
Count output for burst mode refresh applica- 
tions. TC normally occurs at count 255 (007 to 
07 all LOW when RFSH is LOW). TC can be 
made to occur at count 127 for 128 line burst 
mode refresh by pulling Ai5 up to +12V 
through a 1K{§2+10% resistor. The counter 
actually cycles through 256 with TC deter- 
mined by As. Otherwise Ajs5 functions as an 
address input when driven at normal TTL 
levels. 


Three-Input 8-Bit Address 
Multiplexer 

The address MUX is 8-bits wide (for 64K 
DRAMs) and has three data sources, the 
lower address input latch (Ap to Az), the 
upper address input latch (Ag to Ay5), and the 
internal refresh counter. The lower address 
latch is selected when MSEL is HIGH. This is 


841 


Product Specification 


2964B 


normally the Row address. The upper ad- 
dress latch is selected when MSEL is LOW. 
This is normally the Column address. The 
third source — the refresh counter is selected 
when RFSH is LOW and overrides MSEL. 


When RFSH goes LOW, the MUX selects the 
refresh counter address and CASO is inhib- 
ited. Also, the RAS Decoder function is 
changed from one-of-four to four-of-four so 
all RAS outputs RASg-RAS3 go low to 
refresh ail banks of memory when RASI goes 
LOW. When RFSH is HIGH, only one RAS 
output goes low, determined by the RAS 
Select inputs, RSEL9 and RSEL. In either 
case the RAS Decoder output timing is con- 
trolled by RASI to make sure the refresh 
count appears at 009-07 before 
RAS — RAS3 goes LOW. This assures meet- 
ing Row address Set-up time requirement of 
the DRAM (tasp). 


Maximum Performance System 
The typical organization of a maximum perfor- 
mance 16-bit system including Error Detec- 
tion and Correction is shown in Figure 6. 
Delay lines provide the most accurate timing 
and are recommended for RAS, MSEL, and 
CAS timing in this type of system. 


Controlling 16K RAMS or 


Smaller Systems 

16K DRAMs require seven address inputs 
and 128 line refresh. Also Ag is often used to 
designate upper or lower byte transactions in 
16-bit systems. These modifications are 
shown in Figure 7. 
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Figure 6. Dynamic Memory Control with Error Detection and Correction 


BYTES WORDS 
0-32K 0-16K 


32-64K 16-32K 
64-96K 32-48K 
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*Ao controls byte select logic. 


Figure 7. Word Organized Memory Using 16K RAMs 
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FEATURES 
@ 10MHz Serial or Parallel Data 
Rate 


e@ Serial or Parallel Input and 
Output 


e Expandable Without External 
Logic 

e Three-State Outputs 

e Fully TTL-Compatible 

e Slim (0.4 In.) 24-Pin DIP 


PRODUCT DESCRIPTION 

The 9403 is an expandable fall-through 
type First-In First-Out (FIFO) Buffer 
Memory that is optimized for high-speed 
disc/tape controllers and communica- 
tion-buffer applications. In multiples of 
four, the device can be expanded to any 
number of bits and subsequently, to any 
number of words. Serial or parallel data 
can be asynchronously entered or re- 
trieved which makes the 9403 the cost- 
effective solution for implementing buff- 
er memories. 
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FUNCTIONAL DESCRIPTION 

As shown in Figure 1, the 9403 consists 
of three parts which operate asynchro- 
nously and are virtually independent. 
These parts are: 


e input Register —- with serial and 
parallel data inputs and control 
signals that permit easy expansion 
and a handshake interface. 


e FIFO Stack— 4-bit wide, 14-word 
deep fall-through type with self- 
contained control logic. 


e Output Register — with serial and 
parallel data outputs and control 
signals that permit easy expansion 
and a handshake interface. 


BD02140S 


PIN DESIGNATIONS & 
DESCRIPTIONS 


MNEMONIC AND FUNCTION 


IRF 


N PACKAGE 


TOP VIEW 
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ORDER NUMBER 


N9403N 


Input register full 
output 


Parallel load 
input 


Parallel data 
input 


Serial data input 
Serial input clock 


Serial input 
enable 


Transfer to stack 
input 


Master Reset 


Transfer out 
paraliel input 


Transfer out 
serial input 


Serial output 
enable input 


Serial output clock 
input 


Output enable 


Parallel data 
ouput 


Serial data 
output 


Output register 
empty output 


Ground 


Supply voltage 


DESCRIPTION 


Low when input register 
is full 


High on PL enables 
Do - Dg; not edge- 
triggered, 1's catching 


Edge-triggered and 
activates on falling edge 


When iow, serial input is 
enabied 


When low, initiates fall- 
through 

Active low 

When high and TOS is 
low, enables word 
transfer from stack to 
output register — not 
edge-triggered 

When low and TOP is 
high, enables word 
transfer from stack to 
output register — not 
edge-triggered 

When low, enables serial 
output 

Edge-triggered and 
activates on falling edge 


Active low 


When high, output register 
contains valid data 


+5 volts 
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Figure 2. Functional Equivalent of Input Register 
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Figure 3. Final Bit Positions Resulting 
from a Serial Train of 64-Bits 


INPUT REGISTER 

Data can be entered serially or, using the 
parallel mode of operation, data is entered in 
4-bit increments. In either case, the data is 
subsequently transferred to the fall-through 
stack; the functional equivalent of this register 
is shown in Figure 2. The Input Register Full 
(IRF) status signal is internally generated by 
the Register Status (RS) flip-flop; when initial- 
ized, the Q (IRF) output of this flip-flop is high. 


Serial Entry (Input Register) 

Serial data is entered via the Ds input and is 
handled by a 5-bit shift register consisting of 
flip-flops F3, F2, F1, FO, and RS. With IES 
and PL both low, each high-to-low transition 
of the serial input clock (CPSI) shifts the input 
data in domino order from F3 to F2 to F1 to 
FO. After the fourth clock transition, the four 
bits of serial data are aligned in F3 through FO 
and RS is set, forcing IRF low and inhibiting 
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CPSI until contents of the input register are 
transferred to the stack. Figure 3 shows how 
a serial train of 64-bits would appear in the 
9403 — four bits (B60~-B63) in the input 
register, 56 bits (B4 —- B59) in the stack, and 
four bits (BO -B3) in the output register. 


Parallel Entry (input Register) 
When PL is high and CPS] is low (Figure 2), 
flip-flops FO-FS3 are loaded with data and 
IRF is forced low. This condition remains until 
current data is transferred to the stack. Once 
the data is transferred, IRF is driven high and 
new data can again be clocked into the input 
flip-flops. If paraliel expansion is not being 
implemented, IES must be low to establish 
row mastership — refer to discussion of par- 
allel expansion. 


STACK OPERATION 

As shown in Figure 2, the outputs of FO -F3 
are applied to the stack under contro! of a 
signal derived from TTS. When TTS is low, an 
attempt to inititate a fall-through action is 
made. If the top location of stack is empty, 
data is loaded and the input register is re- 
initialized provided PL is low. Note that initial- 
ization is postponed until PL is again low. 
Thus, automatic FIFO action is achieved by 
connecting the TTS input to the IRF output. 


The RS flip-flop (Figure 2) records the fact 
that data has been transferred to the stack; 
this flip-flop is not cleared until PL goes low. 
Therefore, if a particular data word is trans- 
ferred to the stack and falls to the second 
location before PL goes low, the same word 
will not be re-transferred even though IRF 
and TTS are still low. Once data enters the 
Stack, ''fall-through" is automatic; a delay is 
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necessary only when waiting for the next 
stack location to empty. In the 9403, as in 
most modern FIFO designs, the MR input 
initializes the stack control section and does 
not clear the data. 


OUTPUT REGISTER 

This register receives and stores 4-bits of 
data from the bottom stack location and, on 
demand, outputs data onto a three-state 4-bit 
parallel data bus or a three-state serial data 
bus. The Output Register Full (ORE) status 
signal is internally-generated by the FX flip- 
flop; when data ts transferred from the stack 
to the output register, ORE goes high. The 
functional equivalent of the output register is 
shown in Figure 4. 


Retrieval of Serial Data 

When the FIFO stack is empty and MR is 
driven low, the ORE output goes low to 
indicate that the output register is ready to 
accept new data from the stack. After new 
data is entered and falls through to the 
bottom stack location, it is transferred to the 
output register provided TOS is low and TOP 
is high. As a result of the data transfer, ORE 
goes high indicating valid data in the output 
register. Subsequently, the Qs output is auto- 
matically enabled and the first data bit is 
transmitted to the three-state serial data bus. 
Henceforth, a serial shift of data occurs on 
each high-to-low transition of CSPO. On the 
fourth transition, the register is emptied, ORE 
is forced low, and serial output Qs is diabled. 
To request a new word from the stack, the 
TOS input can be connected to the ORE 
output. 
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Figure 4. Functional Equivalent of Output Register 
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Figure 5. Word Expansion 


Retrieval of Parallel Data 

With the stack empty and MR in the active- 
low state, the ORE output goes low, signifying 
that the output register is also empty. When 
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new data is entered and has fallen through to 
bottom location of the stack, it is automatical- 
ly transferred to the output register, provided 
the Transfer Out Parallel (TOP) input is high. 
When the data is transferred from stack-to- 
register, ORE goes high and valid data ap- 
pears at Qo-Qg3 (Figure 4), provided the 
three-state buffers are enabled, that is, EO is 
active-low. When TOP goes low, ORE is 
driven low which indicates that the data 
output cycle is complete; however, the origi- 
nal data remains latched in the flip-flops until 
the next word (if available) is transferred from 
the stack to the output register. 


For parallel operation, CPSO must be low, 
whereas, TOS should be grounded for single- 
slice operation or connected to the appropri- 
ate ORE for expanded operation. The TOP 
input is not edge-triggered; therefore, if it 
goes high before data is available from stack 
but data becomes available before it goes 
low, the data will be transferred to the output 
register. However, internal control circuits 
prevent the same data from being transferred 
twice. If TOP goes high and returns to low 
before data is available from the stack, ORE 
will remain low, indicating the absence of 
valid output data. 


VERTICAL EXPANSION 
In a vertical structure, the 9403 can be 
expanded to achieve greater word capacity 
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without any external parts; a 46-word by 4-bit 
FIFO is shown in Figure 5. Using the same 
technique and similar connections, any FIFO 
of 15n + 1 words (where rn is the number of 
devices) can be constructed. Observe that 
word expansion does not sacrifice flexibility of 
the 9403 FIFO as regards serial/parallel input 
and output. 


HORIZONTAL EXPANSION 

The 9403 can be horizontally expanded to 
store long words in multiples of 4-bits, again 
without external logic. Connections required 
to form a 16-word by 12-bit FIFO are shown in 
Figure 6, using similar techniques, any 16- 
word by 4n-bit FIFO (where nis the number of 
devices) can be constructed. 


For horizontal or bit expansion, it is good 
practice to connect, respectively, the IRF and 
ORE ouputs of the right-most device (most 
significant device) to the TTS and TOS inputs 
of all devices to the left (least significant 
devices) to guarantee that no operation is 
initiated before each and every device is 
ready. Word expansion does not affect the 
ability of the 9403 to handle serial/parallel 
inputs and outputs; however, the ripple form 
of expansion shown in Figure 6 does extract 
a penalty in speed of operation. Whereas a 
single 9403 is guaranteed to operate at 
10MHz, an array of four FIFOs connected as 
shown is guaranteed to operate at 4.3MHz. | 
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Figure 6. Bit Expansion 
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REGISTER 4 44 REGISTER #5 #6 #7 #8 
Ds BIT 495 BIT 3 BIT 7 BIT 11 BIT 15 
Do 494 2 6 10 14 
D; | 493 \ 1 | 5 | 9 | 13 
Do 492 0 4 8 12 


nant enentennnreare enti esteem 


January 4, 1985 | 846 


Signetics Logic Products 


64-Bit FIFO Buffer Memory 


DEVICE 4 TTS ALL DEVICES 
IRF 


INPUTS 
wurs STi 121s 1elslel7 lel slolnyapslals] 


STORED IN STORED IN STORED IN STORED IN 
DEVICE 1 DEVICE 2 DEVICE 3 DEVICE 4 


WF11120S 


Figure 8. Entry of Serial Data for Array of Figure 7 
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Figure 9. Retrieval of Serial Data for Array of Figure 7 
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HORIZONTAL AND VERTICAL 
EXPANSION 


In addition to bit-or-word expansion, the 9403 
can be used to expand in both the horizontal 
and vertical directions; a 31-word by 16-bit 
FIFO is shown in Figure 7. Using the same or 
similar techniques, any FIFO of 15m+ 1 
words by 4n-bits can be constructed, where 
m is the number of devices in a column and n 
is the number of devices in a row. 


The chart appended to Figure 7 shows the 
final positions for a contiguous serial entry of 
496 bits. Figures 8 and 9, respectively, show 
the timing relationships involved for data- 
entry and data-retrieval pertaining to the 31- 
word by 16-bit array. 


INTERLOCKING CIRCUITS 

Most conventional FIFO designs provide the 
status-signal counterparts of IRF and ORE. 
However, when these devices are used in 
arrays, variations in unit-to-unit operating 
speeds require the use of external gating to 
ensure that all devices have, in fact, complet- 
ed the last operation. The 9403 incorporates 
simple but effective master/slave interlocking 
circuits to eliminate these gating require- 
ments. 


INITIALIZE 
(FIG. 1) 


LDO3650S 


Figure 10. Functional Equivalent of Interlocking Circuits 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING 


Voc Power supply voltage +7 

VIN Input voltage +5.5 

Vo Off-state output voltage +55 
Operating temperature range 0 to +70 
Storage temperature range -65 to +150 


PARAMETER TEST CONDITIONS" 2 


VoL 
VoL 


ce Qs 


; Voc = MAX, Vin = 2.7V 
Te Input high current Mee = MAX, VIN =55V 
it Input low current, all except Voc = MAX, Vin = 0.4V 
OES & IES 
los Output short circuit current, Voc = MAX, Vout = 0, (Note 3) -30 
Qo - Q3, Qs, ORE, OES 


loc Supply Current Voc MAX, Inputs open 


NOTES: 

1. Operating temperature ranges are guaranteed after terminal equilibrium has been reached. 
2. All voltages measured with respect to ground terminal. 

3. No more than one output should be shorted at a time. 
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AC ELECTRICAL CHARACTERISTICS Vcc = 5.0V, C, = 15pF, Ta = 25°C 


FROM TO TEST LIMITS 
PARAMETER INPUT OUTPUT CONDITIONS" 2: 3 min | Typ | Max. oie 


Fall-through time: 
toFT 


TTS connected to IRF, 
TOS connected to ORE, 
IES, OES, EO, CPSO lIow. 
TOP high (f, Fig. 11) 


Positive going PL 


Propagation delay 
teLy Low-to-high 
tpHL High-to-low 


PS 
tpLH —_ Low-to-high . 
tpy_  _High-to-low Negative going CPSO 


TTS 


nN 


Stack not full. PL low 
(a & b, Fig. 11) 


Negative goin 
Negative goin 


g 
g CPSI 


Serial output OES low. 
TOP high (c & d, Fig. 11) 


> 
” 


EO, CPSO low (e, Fig 11) 


teLH Low-to-high Positive going TOP 
tpHL High-to-low 

teLy Low-to-high Positive going TOP Parallel output. 

tpH_ —_- High-to-low Negative going TOP | ORE EO, CPSO low (e, Fig. 11) 


R 
IRF 

tpHL High-to-low Negative going CPSO 
ORE 


> 


3 

teLy Low-to-high Negative going TOS | Positive going ORE Data in stack. TOP high, 

| (c & d, Fig. 11) 
tpH_ _ High-to-low Positive going PL Negative going IRF Stack not full (g & h, 
Fig. 11) 

tpLH Low-to-high Negative going PL Positive going IRF 
tp_y _ Low-to-high Positive going OES ORE 
teLH Low-to-high Positive going IES Positive going IRF 


Enable delay: 
tpzH = High 
tez. Low 


(oe) alrnga; Roa] BR] dy 


33 46 ns 


31 


” 


Out of high 
impedance state 


tpzi Low 
tpzH High 


Disable delay: 
tpiz Low 2 
tpzH —- High Into high 


impedance state 


=) 
n 


Appearance time: 


tap Parallel 
tas Serial 


tpLz Low 
tpHz = High 
ORE 


-~12) -5 


10 


Qo -Q3 Time elapsed between 
ORE going high and valid 
data appearing at output, 
negative number indicates 
data available before ORE 
goes high 


bh 
= at mw] rp — Rp 
ms i Oam!/]On Ow 
5 
~”n 


a 
” 


Pulse width: 
tpw CPSI low 
tpwH CPS! high 


tpw. TOP low 
tpwH TOP high 


tpw CPSO low 
tpwH  CPSO high 


Stack not full. PL low 20 11 


Qs 
CPSO low, data available 
in stack (e, Fig. 11) 
TOP high, data in stack, 
(c & d, Fig. 11) 
849 


3 
” 


Lee) 
Nh 
[o>] 
=) =) 


ns 


NO pa eer —h omh ~_~s 
OO; DD) On] Oo 


& | ww ho G 
=) 
c 


Stack not full 
(g & h, Fig. 11) 


Stack not full 


tpwH PL high 


tpw. ‘TTS low (serial 
or parallel mode) 


tpw. MR low 
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AC ELECTRICAL CHARACTERISTICS Voc =5.0V, CL = 15pF, Ta = 25°C (Cont.) 


Set-up and hold time: 
ts Set-up time 
th Hold time 


Negative CPSI 
CPSI 


Set-up time Length of time parallel 
inputs must be applied 


prior to rising edge of PL 


Hold time Length of time parallel 
inputs must remain applied 


Parallel inputs 
after falling edge of PL 
ts Set-up time (serial 


0 
i i 
TTS IRF (a, b, g, & h, Fig. 11) -20 
or parallel mode) 
Bil oe 
ie 


Negative going TOS | TOP high (© & d, Fig. 11) 
Set-up time Negative going = ins (b, Fig. 11) 
Set-up time Negative TTS 
Recovery time: 
trec Any input (f, Fig. 11) 


NOTES: 

1. Initialization requires a master reset to occur after power has been applied. 
2. TTS normally connected to IRF. 

3. If stack is full, IRF will stay low. 


TEST CIRCUITS AND WAVEFORMS 


th = 0 pall 
tpwi—}-——>| tPWH = 1.3V 1.3V 


1.3V 1.3V ts 
i 1.30 fH] fl 1.3V 
te 


ts ——>| tpw trec 1.3V 
Os NAA EDEANNEDENNNEEEN EZ th ec 

IRF IAN WNSTABLE SG SN WS ii 1.3V 
tPHL I L-tpLyH 


tPHL i 
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CONDITIONS: 
Stack Not Full, IES, PL Low 


a. Serial Input, Unexpanded or Master Operation 


1.3V 


| 


| 
tPHL 


ts = 0 —>|}-— tele 
tpwL—+—>| 


WF11160S 


CONDITIONS: as 
Data in Stack, Top High, IES Low When initialized, OES Low 


c. Serial Output, Unexpanded or Master Operation 
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CONDITIONS: 
Stack Not Full, IES High When initialized, PL Low 


b. Serial Input, Expanded Slave Operation 


WF11170S 


CONDITIONS: a 
Data in Stack, Top High, IES High When Initialized 


d. Serial Output, Slave Operation 
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TEST CIRCUITS AND WAVEFORMS (Continued) 


WF11180S 


CONDITIONS: 
iES Low When initialized, EO, CPSO Low, 
Data Available in Stack 


e. Parallel Output, 4-Bit Word or Master/Slave in 
Parallel Expansion 


TCO3580S 


NOTES: 
1. C_ includes jig and probe capacitance 
2. All diodes are 1N3064 or equivalent 


g. Test Circuit for Measurement of AC Parameters 


j<- tow >| 
ae 1.3V 
| trec | 
PL 1.3V 
<a (py > 
-——-— {OFT —-| 
Qo0-Q3 1.3V 


WF 11190S 


CONDITIONS: 
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f. Fall-Through Time 
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Stack Not Full, TES Low When initialized 


h. Parallel Load Mode, 4-BIT Word (Unexpanded) or 
Master/Slave Operation in Parallel Expansion 


CONDITIONS: ae! 
Stack Not Full, Device Initialized With IES High 


WF 10780S 


j. Parailel Load, Slave Mode 


For ali waveforms, Vy = 1.3V for 74S; Vy = for all other TTL families. 
The shaded areas indicate when the input is permitted to change for predictable output performance. 


Figure 11. 9403 Timing and Parameter-Measurement Information 
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64-Bit FIFO Buffer Memory 9403 
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DEVELOPMENT DATA 


This data sheet contains advance information and PCB5010 
specifications are subject to change without notice. PCB5011 


SINGLE-CHIP DIGITAL SIGNAL PROCESSOR 


HOW TO USE THIS DATA SHEET 


® Section 1 contains ordering information and the main 
features of the PCB5010 and PCB5011. 

@ Section 2 describes the signals of the PCB5010 and 
PCB5011, with block diagrams and full descriptions 
of what functions can be performed by each block. 

@ Section 3 describes how the blocks are controlled by 
the instructions given by the programmer. This section is 
used during programming, it assumes however, a full 
knowledge of section 2.0. Programming can be simplified 
by using the software tools available. 

@ Section 4 describes all the electrical characteristics. 
This section is used during the design of system hardware. 

@ Section 5 gives details of the PCB5010 and PCB5011 
packages. 
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DEVELOPMENT DATA 


Single-chip digital signal processor 


1.0 INTRODUCTION 


The PCB5010 and PCB5011 are part of 
our SP 50 family of digital signal 
processors that contains devices for 
various applications. These CMOS 
devices have a common. processor 
structure and are accompanied by a 
common set of development tools. 


The processor structure is characterized 
by a double data bus, a two operand 
hardware multiply/accumulate unit and 
a two operand ALU to improve through- 
put. Powerful parallel and serial! inter- 
faces enable communication with 
external devices. Large on-chip data 
memories, each with its own program- 
mable address computation unit (ACU), 
offer the possibility to make systems 
with only a few components. 


The PCB5010 and PCB5011 are the 
optimal solutions for implementing DSP 
functions in telecommunications, and 
can also be used to advantage in speech 
processing, high-speed control, image 
processing and many _ other fields. 


@ PCB 5010: Version with on-chip ROM 
(mask programmable) 

@ PCB 5011: ROMless bond-out version, 
for use with external 


program/data memory 


ORDERING INFORMATION 


order number 


PCB5010WP-8 


PCF5010WP-8* 


PCB5011YC-8 
PCF5011YC-8* 


PCB5010 
PCB5011 


operating ambient aed 
68-pin PLCC 
68-pin PLCC 


0 to +70 
—40 to +85 


144 PGA 
144 PGA 


0 to +70 
—40 to +85 


* The PCF versions will be identical to the PCB versions except that they have 
an extended operating ambient temperature range. However, minor variations 
may occur in the AC characteristics. 
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PROGRAM CONTROL UNIT 


oe : 


PROGRAM COUNTER 


MULTIPLIER / ACCUMULATOR 
AND BARREL — SHIFT UNIT 


* = ———— 
32 40 
i 
| RESULT 40-BIT ACC 
t 


4 
i 
| - 
118 FORMAT 
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Xx Y MSP LSP | = 
= L = = = | 
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Y-BUS aires 


PROGRAM MEMORY 


32x40 RAM 
LOAD - RAM 
PROGRAM ROM 
5x40 
987x40 ROM 


INSTRUCTION 
DECODER 


CONTROL 
CONTROL/STATUS REG. 


DATA 


PARALLEL 
1/0 


SERIAL 1/0 
Y 
| 


; eee 


2-OPERAND 
16 -BIT 
ALU 


DATA 
RAMB 
128 x 16 


DATA 
RAMA 
128 x 16 


DATA 
ROM 
512 x 16 


ADDRESS 
COMPUT. 


ADDRESS 
COMPUT. 


REG. FILE 
15 x 16 


ADDRESS 
COMPUT. 


~ — J}. 7293430.3 


DATA MEMORY AND ADDRESS ALU AND REGISTER FILE 


COMPUTATION UNITS 


Fig. 1.0-1 Simplified block diagram of the PCB5010. 
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PROGRAM CONTROL UNIT 


MULTIPLIER / ACCUMULATOR 
AND BARREL — SHIFT UNIT 


32 40 


_t 


INSTRUCTION 
DECODER 


CONTROL/STATUS REG. 


CONTROL 


PARALLEL 
1/0 


DATA 
RAMA 
128 x 16 


2-OPERAND 
16 - BIT 
ALU 


See eee 


ADDRESS 
' COMPUT. 


ADDRESS 
COMPUT. 


ea 


DATA MEMORY AND ADDRESS 
COMPUTATION UNITS 


ADDRESS 
COMPUT. 


REG. FILE 
15 x 16 


= eee 7Z97386.1 


ALU AND REGISTER FILE 


DEVELOPMENT DATA 


Fig. 1.0-2 Simplified block diagram of the PCB5011. 
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FEATURES 
@ Harvard architecture with two data buses of 16 bit width 
@ 4 instruction types: 
— multiply/accumulate operation + 2 data moves + 3 address calculations/ 
memory read accesses 
— alu operation + 2 data moves + 3 address calculations/ 
memory read accesses 
— load immediate data + 3 address calculations/ 
memory read accesses 
— branch + 3 address calculations/ 
memory read accesses 
Note: a high degree of parallel processing allows up to 6 basic operations to 
be performed simultaneously. 
@ Hardware two's complement 16 x 16 multiplier with 40-bit accumulator, full 
range barrel-shifter and format adjuster: 
— 45 different multiply/accumulate operations 
— multi-precision multiplication support 
— result bit-reversal possibility 
— 4status flags 
® 16-bit 2-operand ALU with: 
— 31 different operations 
— multi-precision operation support 
— 15x 16-bit 3-port register-file 
— 5 status flags 
@ Program memory: 
PCB5010: 987 x 40-bit on-chip ROM (mask programmable) 
32 x 40-bit on-chip RAM (loaded via the X-bus) 
5 x 40-bit on-chip ROM (fixed load RAM program) 
PCB5011: 1024 x 40-bit external memory (or 64K x 40-bit when some 
external logic is added) 
@ Data memory: 
PCB5010: 512 x 16 bit on-chip ROM (mask programmable) 
2 x (128 x 16) on-chip static RAM 
PCB5011: 512 x 16 bit external memory (read and write possible) 
2 x (128 x 16) on-chip static RAM 
® 3 powerful programmable address computation units (ACU’s) for the data 
ROM and both data RAMs and also for 16 pages of 4096 x 16 bit external 
data memory . 
— each ACU has 8 different operations 
— 1 status flag for each ACU 
@ 5 level deep hardware stack (software extendable) 
® 16-bit parallel 1/O to access external data memory 
— 8 million words/s . 
— WAIT facility so that “slow” peripherals can be connected 
@ 2 independent serial inputs and outputs (one pair for each data bus), with a 
maximum speed of 4 million bit/s under the contro! of external clocks 
@ 4 user input flags 
@® Maskable interrupt 
@® Repeat possibility of single instruction 
@ Maximum clock rate 8 MHz 
@ Pipelined (P) and Non-pipelined (NP) modes under programmer control: 
P-mode: anew instruction can start every 125 ns 
NP-mode: a new instruction can start every 250 ns 
® Single 5 V power supply (+5%) 
@ All 1/O are TTL compatible 
®@ Operating ambient temperature range: 
PCB5010/11: Oto+70°C 
PCF5010/11: —40 to +85 °C 
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Single-chip digital signal processor 


2.0 FUNCTIONAL DESCRIPTION 


2.1 GENERAL DESCRIPTION 


The detailed block diagram of the 
PCB5010 and PCB5011 are shown in 
Fig. 2.1-1 and Fig. 2.1-2. The signals of 
the processors are described briefly in 
the table below. 


SIGNAL DESCRIPTION 


SIGNAL | DESCRIPTION 


Supply voltage: 5V +5% 
Ground 

Clock (input) 

This signal must be grounded 
Reset (input) 


D15...D0 16-bit wide parallel 1/O port (input/output) 

A15...A0 16-bit wide address for 64K-words in external data memory (output) 
R/W Read/write signal for control of external memory (output) 
DS Data strobe (output) 

WAIT Wait signal for synchronization of parallel |/O (input) 

DIX Serial data input (input) for the X-bus 

SIXEN Serial data enable (input) for the X-bus 

SIXRQ Serial input request (output) for the X-bus 

CIX Serial input clock (input) for the X-bus 

DIY Serial data input (input) for the Y-bus 

SIYEN Serial input enable (input) for the Y-bus 

SIYRO Serial input request (output) for the Y-bus 

CIY Serial input clock (input) for the Y-bus 

DOX Serial data output (output) for the X-bus 

SOXEN Serial output enable (input) for the X-bus 

SOXRQ | Serial output request (output) for the X-bus 

COX Serial output clock (input) for the X-bus 

DOY Serial data output (output) for the Y-bus 

SOYEN Serial output enable (input) for the Y-bus 

SOYRQ Serial output request (output) for the Y-bus 

COY Serial output clock (input) for the Y-bus 

INT Maskable interrupt (input) 

IACK Interrupt acknowledge (output) 

SYNC Synchronization signal; indicates where execution of a new instruction starts (output) 
IFA User flag (input) 

1FB User flag (input) 

IFC User flag (input) 

IFD User flag (input) 


(continued on next page) 
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SIGNAL DESCRIPTION (Cont'd) 


SIGNAL DESCRIPTION 


PCB5011 only: 
PAQ...PAO 
PD39...PDO 


ARR8... ARRO 
RD15... RDO 


RR/W 
RDS 


The main blocks of PCB5010/171 are: 


— PST 


Program contro! unit with: 

— Program ROM (only for PCB5010) 

— IR (instruction register) 

— Sync pin 

— PC (program counter) 

— RPR (instruction repeat register) 

— Stack 

(processor status register) 

— IOF (input/output status and user 
flag register) 

— User flag pins 

— INT pin and {ACK pin 


External program memory address (output) 
External program word (input) 

9-bit address for 512 words in external data memory (output) 
Second 16-bit parallel. 1/O port (input/output) 


Read/write signal for second 16-bit parallel 1/O port (output) 
Data strobe for second 16-bit parallel 1/O port (output) 


— Accumulator with ACC (adder), 
ACR (multiplication/accumulation 
register) and S/SD_ (sign/scale- 

_down block) 

— BS (barrelshifter) 

— FA (format adjuster) 

— BSR (barrelshift and format adjust 
control register) 


ALU and register file with: 

— Input selectors ILA and ILB 
— Latches AAL and ABL 

ALU (arithmetic logic unit) 

— R1-R15 (register file) 


— Bus-save registers RX and RY — Trash can 
— RST pin Met 
— External program memory port Parallel 1/0 with: 


(only PCB5011) 
— External program memory address 
port (only PCB5011) 


Data memory and address compu- 

tation units with: 

— RAMA, ACUA (address compu- 
tation unit A), DRA (data register 
A) 

— PG (page register) 

— RAMB, ACUB (address compu- 
tation unit B), DRB (data register 


— Pl (parallel data input latch) 
PO (parallel data output buffer) 
Parallel 1/O data and control pins 


Serial 1/O with: 

— SIX (serial input latch connected 
to X bus) 

— SOX (serial output latch connected 
to X bus) 

— SIY (serial input latch connected 
to Y bus) 

— SOY (serial output latch connected 
to Y bus) 


| 


B) 
— ROM ({onty PCB5010), ACUR — SIOST (serial 1/O control register) 
(address computation unit R), — Serial 1/O data and control pins 


DRR (data register R) 


Data buses with: 


— External data word pins (only — 16 bits X-bus 
PCB5011) — 16 bits Y-bus 
— External data memory address 


pins (only PCB5011) The working of the main blocks is 


and _ barrel- described in the following sections. 


® Multiplier/accumulator 
shift unit with: 
— Input selectors ILX and 
— Latches MXL and MYL 


— MPY (multiplier) 


The instruction set is described in the 
ILY section 3.0. 
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Fig. 2.1-1 Detailed block diagram of the PCB5010. | 


February 1986 863 


PCB5010 
PCB5011 


RST IACK IFB  1FD SYNC 
INT | IFA | IFC { CLK 


MULTIPLIER / ACCUMULATOR 
AND BARREL-SHIFT UNIT 


' 
Vv 
PROGRAM CONTROL UNIT bd 
| $/SD 
x 
X 
SCAN 
x 5x10 
—> 
MULTIPLIER 
Y ' 
, <>} oRY 
PAQ—PAO ACR 
10 g 
+» 
8 
10 BS fl 
x 
\OF phpen ees 3H 
BSR PARALLEL 1/0 
40 
PD39—PDO LSP’ | WAIT 
aa a 
| a) a Pea ry : 
FOR 1 x = 
X,Y a R/W 
aR mse ‘| LSP t 
xy Xx 
XY Y D15 
to 
a: = - - DO 
i] 
x x 
16 
DATA BUSES xy—+ > 
Y: yl 
16 
DATA MEMORY AND ADDRESS ALU AND REGISTER FILE 
COMPUTATION UNITS j 
xY XY XY X,Y : X,Y Y | 
C DRB DRA | 1 
' 
DIX 
SERIAL ere 
INPUT 
X-BUS CIX 
are DATA DATA SIXRQ 
RD15—RDO RAMB RAMA 
i 128x 16 128x1 
RR/W me ! DOX 
co ' SERIAL m— 
5 
BES OUTPUT an 
ARR8—AR X-BUS COX 
8-ARRO - Y SOXRO 
t 
ARR ' 
DIY 
= +> SERIAL ——— 
EN 
: INPUT ae 
Y-BUS 
—>| ACUR | ' awa 
REGISTER 
FILE DOY 
15x16 y SERIAL SOYEN 
TRASH i OUTPUT 
Y<e>| Pc i CAN Y-BUS “or 
4 SOYRO 
4 12 
72934343 
A15 to A12 A11 to AO 
X,Y 


Note 1: T means connected to the X-bus/Y-bus. 
Note 2: all data paths are 16 bits wide unless indicated otherwise. 


Fig. 2.1-2 Detailed block diagram of the PCB5011. 
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Single-chip digital signal processor 


2.2 PROGRAM CONTROL UNIT 


2.2.1 Program memory 


The PCB5011 has no on-chip program 
memory but you can connect external 
program memory. To access the external 
program memory, there are 40 program 
data pins (PD39-PDO) and 10 program 
address pins (PA9-PAO). The on-chip 
10-bit program counter contents are 
available via these address pins. 


The PCB5010 has 1K x 40-bit on-chip 

program memory: 

— 987 x 40-bit mask programmable 
ROM (address 0-986) 

— 32x 40-bit static RAM (address 
992-1023) 

— 5 x 40-bit “load RAM” program 
in ROM (address 987-991) 

The memory is addressed by the 10-bit 

on-chip program counter. The static 

RAM of the program memory can be 

loaded via the X-bus by MOVE or 

LOAD IMMEDIATE operations, 

following the procedure described in the 

section 2.2.2 ‘‘Load program RAM 

circuitry”. 


The “‘load RAM” program stored in the 
ROM can be used to load the RAM 
instructions from an external data 
memory. This program’s code, and its 
equivalent expressed in the PCB5010/11 
assembly language is given in Fig. 2.2.1-1. 


2.2.2 Load program RAM circuitry 
(LPR) 


LPR enables the programmer to load 
the 32 x 40-bit program RAM. To load 
each 40-bit instruction, three 16-bit 
words must be transferred to LPR via 
the X-bus, using MOVE or LOAD 
IMMEDIATE operations. LPR contains 
a 5-bit address register (AREG) in which 
the load address (range 0-31) is loaded 
and it contains a 24-bit data register 
(DREG) in which the instruction word 
is assembled. The loading procedure is 
shown in Fig. 2.2.2-1. 


2.2.3 Program counter (PC) and mode 
circuitry (P and NP-mode) 


The 10-bit program counter in the 
PCB5010 and PCB5011 is automatically 
incremented every instruction cycle 
during sequential program flow. 


PCB5010 
PCB5011 


IN PROGRESS 


Fig. 2.2.1-1 ““Load RAM” program. 


| 


STATE: =0 
this point is 
passed at the > 
N 
TRANSFER STATE: =0 
TO 


begin of each 
instruction 


AREG[4-0]: = XBUS[11- 8] 
DREG(23 -16]: = XBUS[7 -0] DREG[15-0]: = XBUS[15 - 0} PRAM(AREG) [39 -0]: = DREG[23-0], XBUS[15 - 0] 


STATE: =1 STATE: =2 STATE: = 0 


7297372 


AREG = address register 

DREG = data register 

PRAM(i) = position i in the program RAM 
[m — nF bit m to bit n 


Fig. 2.2.2-1 Data RAM loading procedure. 
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There are however, certain situations 

when the program counter is not 

incremented but updated differently: 

— reset (see section 2.2.10) 

— interrupt (see section 2.2.9) 

— instruction repetition (see section 
2.2.6) 

— branch operations (see section 2.2.7) 

— loading PC via the X-bus by means of 
a MOVE or LOAD IMMEDIATE 
operation (the 10 least significant 
bits of the X-bus data are loaded) 


The processors work in two different 
modes: 
1. Pipelined mode (P): 
instruction cycle = one clock cycle 
2. Non-pipelined mode (NP): 
instruction cycle = two clock cycles 


When the processor works in the 
P-mode, the result of a basic operation 
(see section 3.1 on instruction set) is 
not always available after the first 
instruction cycle but sometimes one 
clock cycle later. Since the processor 
uses pipelining, a new operation can 
start before the result of the previous 
operation is available. When the 
processor operates in NP-mode, the 
result of a basic operation is always 
available at the end of an instruction 
cycle. On reset, the processor is placed 
in the P-mode. Mode switching is possible 
under program control by setting and 
resetting the FOR bit in the PST register 
using a MOVE or LOAD IMMEDIATE 
operation. The instruction after the one 
that caused the change in the FOR bit is 
executed in the new mode. 


2.2.4 Instruction register (IR) 


In every instruction cycle (i.e. every 
clock cycle when working in the P-mode 
and every two clock cycles when 
working in the NP-mode) an instruction 
word is fetched from the program 
memory. The program memory access 
and storing of the result in the 
instruction register (IR) takes one clock 
cycle. During the next clock cycle, the 
new contents of the IR is decoded and 
the processor controlled accordingly. 


2.2.5 Stack 


When an interrupt or subroutine call 
occurs, the value of PC (in the P-mode) 
or the value of PC+1 (in the NP-mode) 
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is placed on the stack. The stack is a 
5 x 10-bit LIFO register file that allows 
automatic nesting up to five levels of 
subroutines and/or interrupts. The top 
of the stack containing the most recent 
PC value can be accessed via the data 
buses. This enables the programmer to 
extend the stack in the data memory. 


2.2.6 Instruction repeat circuitry (RPR) 


RPR is an 8-bit register that can be 
loaded via the X-bus by a MOVE or 
LOAD IMMEDIATE operation. Only 
the 8 LSBs on the bus (representing a 
number N between O and 255) are 
loaded. The instruction after the one 
in which these 8 bits are loaded is then 
executed N times as long as 2<N< 255, 
The execution count is undefined when 
O<N< 2. The execution count is also 
undefined when the instruction to be 
repeated is to load RPR or to load the 
PC. 


2.2.7 Branch circuitry 


The PCB5010 and PCB5011 make it 
possible to depart from the sequential 
program flow under software control. 
There are 4 branch types, and each 
branch can depend on any one of 
50 different conditions. 


The 4 branch types are: 


PST register 


(accumulator flag) 
(barrel-shifter flag) 


— goto 

— subroutine call 

— return from subroutine 
— return from interrupt. 


The 50 branch conditions are the true 
and false status of the following flags 
or combination of flags: 

— ALU flags: Z, N, C, C.OR.Z, V, VL, 

\N.XOR.V}.OR.Z, N.XOR.V 

— Accumulator flags: SGNM, OVFL 
— Barrel-shifter flags: OOR, OORL 
— ALU and barrel-shifter flags: | 


OORL.OR.VL 
— ACU flags: ACA, ACB, ACR 
— User flags: IFA, IFB, IFC, !tFD, 


IFA.AND.IFB.AND.IFC.AND.IFD 
— Serial I/O flags: SIXACK, SIYACK, 
SOXACK, SOY ACK 


2.2.8 The PST and IOF registers (PST, 
IOF, IFA — IFD pins) 


PST and IOF are 16-bit registers that 
contain all the flags. Furthermore, PST 
also contains a bit (El) that indicates 
whether the interrupt is enable or not 
(enabled = 1; disabled = 0), a bit (FQR) 
indicating which mode (P = O or NP = 1) 
the processor is working in, and two bits 
(P!1O1 and PIO2) determining the input 
criteria for the parallel input. The 
meaning of each bit of PST and IOF is 
given below: 


IOF register 


SIXACK 
SOXACK 


(serial 1/O flag) 
(serial 1/O flag) 


VL (ALU flag) SIYACK — (serial 1/O flag) 
V (ALU flag) SOYACK (serial 1/O flag) 
C (ALU flag) IFA (user flag) 
Z (ALU flag) IFB (user flag) 
N (ALU flag) IFC (user flag) 

07 OOR (barrel-shifter flag) IFD (user flag) 

08 SGNM = (accumulator flag) reserved 

09 ACA (ACU flag) reserved 

10 ACB (ACU flag) reserved 

11 ACR (ACU flag) reserved 

12 PIO2 (parallel 1/O flag) reserved 

13 PIO1 (parallel I/O flag) reserved 

14 El (interrupt enable/disable) reserved 

15 (operation mode) reserved 
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The flags in PST and IOF reflect the 
status of the functional units to which 
they belong and they are updated 
during each relevant instruction. The 
flags IFA, IFB, IFC and IFD reflect the 
signal level on their respective input pins. 
“Lock’’ type flags (OVFL, OORL and 
VL) can only be changed from 0 to 1 by 
the functional units to which they 
belong. The programmer can overrule 
the functional units updating the flags 
in the PST register: the PST register can 
be overwritten using a MOVE or LOAD 
IMMEDIATE operation. These 
operations are also used for loading the 
El, FOR, P!IlO1 and PIO2 bits. Further- 
more, the programmer can load the 
FOR bit using a MOVE or LOAD 
IMMEDIATE operation without 
changing the other bits in the PST 
register. 


The PST and IOF register can be read 
using a MOVE operation. The flags can 
also be used as conditions in BRANCH 
operations (see section 2.2.7. on 
BRANCH circuitry). ‘“Lock’’ type flags 
will automatically be reset to 0 when 
they are tested in a BRANCH operation. 


(INT 
and 


2.2.9 Interrupt circuitry and 
IACK pins, RX RY) 


The processor has an interrupt facility 
that the user can access via the INT and 
!ACK pins. When an interrupt is accepted 
by the processor the program counter is 
loaded with address 1. The interrupt 
procedure is described below and the 
logic timing diagrams are given in 
Figures 2.2.9-1 and 2.2.9-2. 

An interrupt is initiated by a LOW on 
the INT pin. The first positive going 
edge of CLK after a HIGH to LOW 
transition on INT, the interrupt is 


INT, 
clocked in by the processor. Two or 
three clock pulses later (see timing 
diagrams), the processor decides to 
accept the interrupt or postpone it. 

An interrupt is postponed: 

— while the PC is being loaded (as part 
of a BRANCH, MOVE or LOAD 
IMMEDIATE operation) 

— while the RPR register is loaded 

— during instruction repetition 

— when the stack is the source or 
destination to the X-bus 

— when the interrupt is disabled by 
software (EI bit in PST register is 0). 


STACK 


executed 
instruction 


true during instruction N + 3: 
— loading of RPR 


— repetition mechanism on 


1IACK 


STACK ? 


executed 
instruction 


Note: 
true during instruction N + 1: 


— loading of RPR 


— repetition mechanism on 


DX = RX 
DY = RY 


— stack source or destination to X-bus 
— interrupt disabled by El = 0 


Fig. 2.2.9-1 Interrupt logic timing in P-mode. 


cEE 


N+2 


Pow ee) ne ee ee 


The interrupt is postponed when one of the following conditions is 
— loading of PC (as part of BRANCH or MOVE operation) 
— stack source or destination to X-bus 
— interrupt disabled by El = 0 


Fig. 2.2.9-2 Interrupt logic timing in NP-mode. 
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RETI SX = RX 
SY = RY 7297373 


The interrupt is postponed when one of the following conditions is 


— loading of PC (as part of BRANCH or MOVE operation) 


RETI 7297374 


As soon as the above situations are 
completed, the postponed interrupt is 
accepted and thereafter handled in the 
Same way as an interrupt that was 
accepted directly. 


Accepting the interrupt means pushing 


the value of the PC (in P-mode) or PC+1 
(NP-mode) on to the stack and loading 
the PC with address 1. When the PC 
contains address 1, the I[ACK pin goes 
LOW for one clock cycle to indicate to 
the outside world that the interrupt has 
been acknowledged. 
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In the P-mode, the instruction in the 
pipeline that should have been executed 
is not executed while the PC contains 
address 1 even though the expected X 
and Y-bus sources put their data on the 
buses. This data is stored in the bus-save 
register, RX and RY, that are auto- 
matically assigned as the destinations for 
the buses. 


An interrupt routine is completed under 
program control using an RETI condi- 
tional BRANCH _— operation (see 
instruction set section 3.0). When the 
condition is true, PC is loaded with the 
address that was pushed onto the stack, 
and then the instruction at that address 
is executed. In the P-mode, however, 
RX and RY are used instead of the 
indicated X and Y-bus sources. Nested 
interrupts are permitted, but in the 
P-mode they are latched so long as the 
programmer has not stored the data in 
RX and RY elsewhere (i.e. so long as 
RX and RY have not been used as 
sources for the X and Y-buses). After 
returning from a nested interrupt in the 
P-mode, the old contents of RX and RY 
must be restored by the programmer. 


Note: A new interrupt can onle be 
generated after the INT signal 
has been HIGH for at least one 


positive going edge on CLK. 


2.2.10 Reset circuitry (RST pin) 


The processor is reset to an initial state 
when RST is LOW over at least 7 rising 
edges of CLK. A shorter reset may lead 
to an undefined situation. 


The initial state is characterized by: 

— PC : all zeros 

— PST : all zeros 

— |IOF : SIXACK = SIYACK = Oand 
SOXACK = SOYACK = 1 

— RX, RY : all zeros 

— STACK .:: all zeros (5 x 10) 

— RPR : instruction repeat 
mechanism off 

— LPR : undefined STATE; STATE 
= Q in an instruction in 
which there is no MOVE 
or LOAD IMMEDIATE 
operation with PRAM as 
the destination 

— MXL, 

MYL : all zeros 
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— PR : all zeros 
— ACR : all zeros 
— BSR : all zeros 
— AAL, 

ABL : all zeros 
— ARA, 

AA, SA: all zeros 
— ARB, . 

AB, SB: all zeros 
— ARR, 

AR, SR : all zeros 
— MA, 

MB, MR : undefined 
— PG : all zeros 
— SIOST : all zeros 
— SOX, 

SOY : all zeros 


— SIXRQ=SIYRQ=0 
— SOXRO = SOYRQ = 1 


The logic timing of the reset is shown in 
Fig. 2.2.10-1. ; 


reset detection 
reset of all registers and latches 
mentioned above (excluding 
ACR), and “‘top of stack’’, 
serial |/O request signals, and PR 
reset of ACR and 2nd _ stack 


position 
4—reset of 3rd _ stack position 
5— reset of 4th stack position 
6— reset of 5th stack position 


reset of 6th stack position (note: 
this stack position must not be 
used, otherwise it may lead to 
an undefined state). 


Fig. 2.2.10-1 
The complete reset action. 


2.2.11 Synchronization circuitry (SYNC 
pin) 


The processor indicates where execution 
of a new instruction starts with a HIGH 
at the SYNC pin for half a clock cycle. 
This occurs once every two clock cycles 
in the NP-mode, and once every clock 
cycle in the P-mode. However, in the 
P-mode it will not occur when the 
program counter is loaded with a new 
address during the execution of a 
BRANCH operation, a MOVE operation, 
an interrupt, or a reset. 


2.3 DATA MEMORIES AND ACU’S 


2.3.1 Data memories 


The processor contains 3 on-chip data 
memories: 


@® RAMA: 128 x 16 bits, static 

® RAMB: 128 x 16 bits, static 

@® ROM : 512 x 16 bits (only on 
PCB5010, external — for 
PCB5011) 


It is also possible to connect up to 64K 
of external data memory via the parallel 
1/0. 


Memory outputs are connected to the 
data registers (DRA, DRB and DRR) 
and the parallel data input register PI. 
DRA, DRB and DRR are updated every 
instruction cycle, but in the P-mode, 
DRA and DRB are not updated when in 
that instruction cycle, data is moved 
(from one of the buses) into RAMA or 
RAMB. Updating PI is described in the 
section 2.6 on the parallel 1/O. Data 
written into the data registers and P| 
can be transferred via the X or Y-bus 
during a subsequent instruction. 


RAMA can be written-to via the X-bus, 
RAMB can be written-to via the Y-bus 
and, external RAM can be written-to 
via either bus. 


With the PCB5011, it isnot only possible 
to read from an external ROM, but in 
place of the read, it is also possible to 
write-to an external 512 x 16-bit 
memory because the port is bidirectional, 
and therefore can be used as a second 
parallel 1/O port. 


DEVELOPMENT DATA 


Single-chip digital signal processor 


2.3.2 ACUs and PG register 


The 3 address computation units, 
ACUA, ACUB and ACUR, function 
identically but, their address widths 
differ: 12, 8 and 9 bits respectively. 
ACUs calculate the addresses for the 
on-chip RAMs (only the 7 least signi- 
ficant address bits are used for this 
addressing) and data ROM. ACUA not 
only generates the address for RAMA 
but also the part of the address for 


ROM 
addressing 


RAM B 
addressing ; 


RAM A and 
external 
memory 

addressing 


0 
EXTERNAL 
and RAM 


Fig. 2.3.2-1 Memory addressing. 


external data memory that defines the 
position within a page of 4096 x 16 
words. It is possible to have 16 pages of 
external data memory. Pages are selected 
using the address pins A12 to A15 that 
reflect the contents of the page register 
PG that is loaded using a MOVE or 
LOAD IMMEDIATE operation. 


Fig. 2.3.2-1 illustrates the memory 
addressing. 


addressed by: 
ACUR (0 to 511) 


ACUB (0 to 127} 


[o 
id : 
RAM B | addressed by 


addressed by: 
~PG = 0000 
~ACUA (0 to 4095) 


PAGE 0 
4095 


addressed by: 
—PG =0001 
—ACUA (0 to 4095) 


addressed by: 
-PG =0010 


~ACUA (0 to 4095) 


addressed by: 
~PG=1111 
~ACUA (0 to 4095) 


PAGE 15 
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An ACU contains: 


The notation !M means that, depending 


2.4 MULTIPLIER, ACCUMULATOR, 


@ an address register AR (which on the contents of the M register, all BARREL-SHIFTER AND 
addresses the ROM _ respectively bits are not necessarily updated as the FORMAT-ADJUSTER UNIT 
RAMs) expression indicates: 


a base address register A 

an offset register S 

an address masking register M 
a dedicated arithmetic unit 


Only the AR registers (ARR, ARB and 
ARA) are shown in Figs 2.1-1 and 2.1-2. 
The A, S and M registers of RAMA, 
RAMB and the ROM (AA/BA/RA, 
AS/BS/RS and AM/BM/RM) are not 
shown. 

The A, S, M and AR registers can be 
loaded directly (for initialization) via 
one of the data buses (X-bus for ACUB 
registers and Y-bus for ACUA and 
ACUR registers) using a MOVE or 
LOAD IMMEDIATE operation or they 
can be modified during address compu- 


— the bits whose corresponding bits in 
the M register are 1 are updated as 
specified in the expression 

— the bits whose corresponding bits in 
the M register are O will retain their 
value (for AR) or will receive the 
previous value of their AR bit (for 
A and S). 

The notation br(. . .) means that the 

bits are reversed in order. 


Three flags in the PST register indicate 
the status of the 3 ACU’s: 
e ACA — ACUA flag 
is 1 when AR _ contains 
0000 0000 0000; 
is QO when AR does not 
contain 0000 0000 0000 


2.4.1 Multiplier 


The multiplier performs a multiplication 
of two signed 16 bits operands P and O 
Presented in 2’s complement notation. 
The result is presented by 32 bits in 2’s 
complement notation and stored in the 
product result latch PR. 


One of the following values can be 

chosen as P-operand: 

@ The value present on the X-bus 

@ The previous value which was auto- 
matically latched in the MXL latch 

@ The number —1 


One of the following values can be 
chosen as Q-operand: 


tation operations. Direct loading and ® ACB — ACUB flag ® The value present on the Y-bus 
address computation cannot take place is 1 when AR _ contains ® The previous value which was auto- 
simultaneously (see the section 3.0 on 0000 0000; matically latched in the MYL latch 
the instruction set). is O when AR does not ®@ The negated Y-bus value 

contain 0000 0000 Note: when the Y-bus contains the 
Direct loading offers the following @® ACR — ACUR flag highest negative value, —2!° 
options: is 1 when AR _ contains (1000 0000 0000 0000 in binary) 


@® Load AR with value on the bus 
Load AR and Awith value on the bus 
Load AR and S with value on the bus 
Load A with value on the bus 

Load § with value on the bus 

Load M with value on the bus 

Load AR, A and S with value on the 
bus 

Load AR with (value on the bus) !M 


0 0000 0000; 
is O when AR does not 
contain 0 0000 0000 


Address computation offers the following options: 


then the operand will be the highest 
positive value plus one, +2!° 
(1 0000 0000 0000 0000 in binary). 
This number is stored in MYL which 
has a width of 17 bits for this 
particular situation. 


The contents of MXL, MYL and PR are 
not changed when no MULTIPLY 
operation or a multiply HOLD operation 
is executed. 


® AR:=AR A:=A S:=S M:=M 
@ AR:=(A+1)!M A:=(A+1)!M S:=S M:=M 
@ AR:=(A—1)!M A:=(A—1)!M $:=S M:=M 
@ AR:=(A+S)!M A:=(A+S)!M S$:=S M:=M 
@ AR:=(S+1)!M A:=A S:=(S+1)!M M:=M 
@® AR:=(A)IM A:=A S:=S M:=M 
@® AR:=(S)!IM A:=A S:=S M:=M 
@ AR:=br(AtS) A:=At+S S:=S M:=M 
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2.4.2 Accumulator 


The accumulator unit consists of a 40 bit 
adder ACC, a 40 bit multiplication/ 
accumulation register ACR and a sign 
and scale down block S/SD. The adder 
adds the in PR stored result of the 
multiplication to a second operand 
(provided by the S/SD block) which can 
be chosen from the following set: 
@ +or—the contents of ACR 
@® + or — the contents of ACR divided 
by 2'° (which allows multiprecision 
multiplication and addition) 
@ the number 0 


The result of the addition is stored in 
ACR and is fed simultaneously to the 
barrel-shifter. The contents of the ACR 
register are not changed when no 
MULTIPLY operation is performed or a 
multiply HOLD operation is executed. 


The 40-bit width of the accumulator 
allows the programmer to accumulate a 
number of multiplier results (at least 
256) without the risk of overflow. 
Two flags in the PST register indicate 
the status of the accumulator: 

@ OVFL — overflow lock flag; this flag 
is set when overflow occurs 
in the adder (result outside 
the range —2°° to +239 —1). 
For reset conditions see 
description of PST register 
(section 2.2.8). 

@ SGNM —sign flag; indicates the sign 
of the result of the addition 
(is identical to bit ACR(39)). 
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2.4.3 Barrel-shifter 


From the 40-bit ACR contents, the 
barrel-shifter extracts 32 contiguous bits. 
The programmer determines which 
group of 32 bits is extracted by a value 
placed in the BSR register (bits BSR3 to 


BSRO). 

Sixteen different sets are possible: 

cea 32-bit word, E31 - EO, extracted by the barrel-shifter 

0000 ACR30, . ACRO,O 

0001 ACR31,....,ACRO 

0010 ACR32,....,ACR1 

0011 ACR33,....,ACR2 

0100 ACR34,....,ACR3 

0101 ACR35, . ACR4 

0110 ACR36,....,ACR5 

0111 ACR37, . ACRE 

1000 ACR38,....,ACR7 

1001 ACR39,....,ACR8 

1010 ACR39,ACR39,....,ACR9 

1011 ACR39,ACR39,ACR39,....,ACR10 

1100 ACR39,ACR39,ACR39,ACR39,....,ACR11 

1111 ACR39,ACR39,ACR39,ACR39,ACR39,....,ACR12 

1111 ACR39,ACR39,ACR39,ACR39,ACR39,ACR39,....,ACR13 
1111 ACR39,ACR39,ACR39,ACR39,ACR39,ACR39,ACR39,....,ACR14 


Two flags in the PST register indicate the status of the barrel-shifter: 

® OOR — Out of range flag. It is set when the sign bit of the extracted word 
E31-E0 has no significance. This occurs when one or more bits of 
ACR to the left of the extracted word differs from E31. 

@ OORL — Out of range lock flag. The conditions for setting are identical to 
those of OOR. The conditions for resetting are given in the section 
describing the PST register. 


2.4.4 Format adjuster 


The output E31-E0 of the barrel-shifter is split into a 16-bit most significant part 
MSP and a 16-bit least significant part LSP’. MSP can be connected directly to the 
X and/or Y bus. LSP’ passes through a format adjuster (FA) before it reaches the 
X or Y bus. The output of FA is called LSP. Under software control, three FA 
options can be selected by placing a value in the BSR register (bits BSR5 to BSR4). 
The options are: 


BSR contents 


BSR5 -BSR4 output LSP of format adjuster 


E15-E0 (no change) 
EQ-E15 (bits reversed in order, used to speed-up certain serial 
outputs) 

10, E15-E1 (bits shifted right over 1 position, left adjusted with zero; 


used for multi-precision multiplications) 
reversed/undefined 
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2.4.5 Barrel-shifter register (BSR) 


BSR is a 6-bit register. Its contents 
control the barrel-shifter (bit 0-3) and 
the format adjuster (bit 4-5) as explained 
in the previous sections. BSR can be 
loaded by means of a MOVE or LOAD 
IMMEDIATE operation. Loading has 
to be done at least one instruction 
before LSP or MSP is read to the X or 
Y-bus. 


2.5 ALU AND REGISTER FILE 


2.5.1 ALU 
The PCB5010/11 has an ALU totally 
independent from the multiplier/ 


accumulator unit. It is a 16-bit, 
2-operand unit capable of executing 
31 distinct operations. There are 
arithmetic, logic and some _ special 
purpose operations. The arithmetic 
operations defined as ‘‘extended’”’ 
(mnemonic starts with X) are included 
to facilitate multi-precision operations. 
Extended operands are represented by 
16-bit multiples. 


An ALU operation produces a result R 
that may be stored in the register file 
or may be ignored (dumped in the trash 
can). 


several flags in the PST register give the 
status of the ALU. The flags are: 


Z -— Zero flag 

N  — Negative flag 

C — Carry flag 

V — Overflow flag 

VL — Overflow lock flag (same as V 


but locked; see PST register description, 
section 2.2.8). 


One of the following values can be 

chosen as A-operand: 

— the value on the X-bus 

— the value on the Y-bus 

— the previous value which was auto- 
matically latched in the AAL-latch 
(this is not the case with the “byte 
swap” instruction). 


One of the following values can be 

chosen as B-operand: 

— the value on the Y-bus 

— the previous value which was auto- 
matically latched in the ABL-latch 
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Dyadic operations require an A and 
B-operand, while monadic operations 


require only 


an A-operand. Some 


operations do not require an operand 


at all. 


The ALU operations 


and their result 


R and flag settings are summed up in 
the following three tables: 
A: Arithmetic operations 


B: Logic operations 
C: Other operations 


The following notation is used: 


@ ZERO(R) _ 


0 (when not all 16 bits of R are 0) 


— 1 (when all 16 bits of R are 0) 


CARRY (F) — 


BORROW(F) 


| 


OVERFLOW(F) 


R (i) 


0 (when a function F does not lead to a carry) 

1 (when a function F leads to a carry) 

Note: For this calculation, the operands are unsigned 
16-bit numbers from O to 65535. The carry is 1 
when the result of the addition is greater than 0. 
In all other cases the carry is O. 

O (when a function F does not lead to a borrow) 

1 (when a function F leads to a borrow) 

Note: For this calculation, the operands are unsigned 
16-bit numbers from 0 to 65535. The borrow is 1 
when the result of the subtraction is below 0. 
In all other cases the borrow is 0. 

O (when a function F foes not lead to an overflow) 

1 (when a function F leads to an overflow) 

Note: For this calculation, the operands are signed 16-bit 
numbers between —2!° and 2!>5—1. The overflow 
is 1 when the result of the calculation is outside this 
range. In all other cases the overflow is 0. 

Bit i of the 16-bit word R. 


A: Arithmetic operations (see table on next page) 


For the calculation of result R, the operands A and B are considered to be binary 
numbers in 2’s complement notation (between —2!°5 and +2!5—1). R is also a 
binary number in 2's complement notation. However, with the DIV operation, the 
operands and the result are unsigned numbers (between 0 and 65535). 
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A: Arithmetic operations 


flags 
result (R) condition 
Ee (coe 
ZERO(R) CARRY (A+B) OVERFLOW(A+B) no overflow 
ZERO(R) CARRY (A+B) OVERFLOW(A+B) positive overflow 
ZERO(R) CARRY (A+B) OVERFLOW(A+B) !negative overflow 
A+B+C ZERO(R).AND.Z CARRY(A+B+C) OVERFLOW(A+B+C) [no overflow 
A+B+C—2(16) ZERO(R).AND.Z CARRY (A+B+C) OVERFLOW(A+B+C) | positive overflow 
A+B+C+2(16) ZERO(R).AND.Z CARRY(A+B+C) jOQVERFLOW(A+B+C) | negative overflow 
ZERO(R) BORROW(A—B) OVERFLOW(A-—B) no overflow 
ZERO(R) BORROW(A—B) OVERFLOW(A-—B) positive overflow 
ZERO(R) BORROW(A-—B) OVERFLOW(A-—B) negative overflow 


BORROW(A—B—C)|OVERFLOW(A—B—C) |no overflow 
BORROW(A—B—C)| OVERFLOW(A—B—C) | positive overflow 
BORROW(A—B—C);/OVERFLOW(A—B—C) | negative overflow 


ZERO(R).AND.Z 
ZERO(R).AND.Z 
ZERO(R).AND.Z 


ZERO(R) 0 if N=1, same as SUB 
negate ZERO(R) BORROW(0—A) OVERFLOW(0—A) NE eee a 
ZERO(R) BORROW(0—A) j|OVERFLOW(0—A) he= 25 
extended negate ZERO(R).AND.Z BORROW(0—A—C) |OVERFLOW(0—A-—C) |A #—2!5.OR.C = 1 
ZERO(R).AND.Z BORROW(0—A-—C)!OVERFLOW(O—A-—C) !A =—2!5.AND.C =0 


conditional negate 


OVERFLOW(A-—1) Azo 
OVERFLOW(A—1) Ase 


OVERFLOW(A-C) AF =) ORC=0 
OVERFLOW(A-C) A = —2'* AND.C = 1 


OVERFLOW(A+1) RAD 4 
OVERFLOW(A+1) Ee res | 


OVERFLOW(A+C) Ao? =41-0R:C=0 
OVERFLOW(A+C) A= 2)? = AND CH1 


BORROW(A—1) 
BORROW(A—1) 


BORROW(A-—C) 
BORROW(A-C) 


CARRY (A+1) 
CARRY (A+1) 


CARRY (A+C) 
CARRY (A+C) 


decrement 


extended decrement 


ane | 
INC At+1 ZERO(R) 
es ZERO(R) 
extended increment XINC A+C ZERO(R).AND.Z |R(15) 
ory he ZERO(R).AND.Z | R(15) 


increment 


arithmetic shift left ASL 2*A ZERO(R) R(15) |CARRY(A+A) OVERFLOW(A+A) OP Fe PD 
ZERO(R) R(15) ICARRY(A+A) OVERFLOW(A+A) AS>2?* 
ZERO(R) R(15) |CARRY(A+A) OVERFLOW(A+A) Amo 

extended arithmetic XASL ZERO(R).AND.Z | R(15) |CARRY(A+A) OVERFLOW(A+A) LON ROL 

shift left ZERO(R).AND.Z |R(15) |CARRY(A+A) OVERFLOW(A+A) A> 2" 
ZERO(R).AND.Z | R(15) |CARRY(A+A) OVERFLOW(A+A) Neo 


arithnnetio shit ridat A/2-fraction | ZERO(R) R(15) /1(0) ote | 
extended arithmetic XASR A/2-fraction ZERO(R).AND.Z |N A(0) MSB of A=C 
shift right A/2-fraction—2!5 | ZERO(R).AND.Z IN __|A(0) MSB of A = 0.AND.C 


1 
0 


Nol 


A/2-fraction+2?° | ZERO(R).AND.Z |N A(0) MSB of A=1.AND.C 


uu U 
QO Oo 
CO W 
o1 Oo 
Oo © 
= = 
= OO 
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A: Arithmetic operations (Cont'd) 


add MSB of BtoA 


R(15) };CARRY(A+B(15)) 
R(15) |CARRY(A+B(15)) 


ZERO(R) BORROW(A—B) 
ZERO(R) R(15) |:BORROW(A—B) 


sigmeacension XSGN INN....N Z.AND.NOT.N NIN 


B: Logic operations 


mnemonic | result (R) condition 


a © | 
2) 
w 
o1 
io) 
—_ 
—_ 


OVERFLOW(A+B(15)) | A+B(15) < 2!5 
OVERFLOW(A+B(15)) | A+B(15) = 2! 5 


O<A-B<a2!5 
A-B <0Oor A~B>2!5 


ADDM A+B(15) 


A+B(15)—2! 


ZERO(R) 
ZERO(R) 


unsigned division DIV 


For the calculation of result R, the operands A and B are considered to be 16-bit binary words. R is also a 16-bit binary word. 


condition 


for i=O... 

for i=0...15 
for i=O...15 
for i=O...15 


for i=O...7 
for i=8...15 


for i=1...15 
for i=0 
for i=1...15 
for i=0 
for i=0...14 
for i=5 


for i=O0...14 
for i=5 


—_ 
o1 


SWAP A(i+8) 
A(i—8) 


ZERO(R) 
ZERO(R) 


ZERO(R) 
ZERO(R) 


| . IF | 


ZERO(R) 
ZERO(R) 


} 


C: Other operations 


function mnemonic 


pee gp v 
Sn a (A LC 


no operation 


OLOSGd9Dd 
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2.5.2 Register file 


The output of the ALU is connected to 
the register file. This register file contains 
fifteen 16-bit registers. The programmer 
can choose to which register the ALU 
result is written and also has the option 
of discarding the result by writing it to 
the trash can. 


The contents of any register may be 
read to either or both of the buses. 
Moreover, the register file is implemented 
as a 3-port memory, so that in the same 
instruction cycle three registers can be 
accessed: two accesses to read the 
present contents of register(s) and one 
to write in a new value. 


The register file can be filled directly 
from the buses by a MOVE or LOAD 
IMMEDIATE operation. This does not 
affect the ALU flags. ALU operations 
cannot be specified simultaneously with 
the aforementioned MOVE operation. 


2.6 PARALLEL I/O 


Via the D15 — DOpins, the PCB5010/11 
permits parallel communication between 
the X or Y-bus and the outside world. 
An input ot output can take place 
during each instruction cycle. Output 
occurs when data is transferred via the 
X or Y-bus with destination PO. The 
output is direct, there is no latching. 
Inputs are loaded into the parallel input 
latch Pl, whose contents can be 
transferred via the X or Y-bus during a 
subsequent instruction. The programmer 
can select one of three input criteria 
by writing specified values into PST bits, 
P!1O1 and PIO2; 


Reserved 


Note: a read is only performed when there is no write (MOVE or LOAD 
IMMEDIATE operation to PO). 


A read action is performed each instruction cycle 
A read action is performed only when: 

— ACUA is not executing a “‘no operation”, or when 
— PI latch is source to X or Y-bus 

A read action is performed only when: 

— PI latch is source to X or Y-bus 


The following control signals are 
associated with the parallel I/O (see 
timing in section 4): 

— R/W: indicates a read or write action 
(output) 

— DS: data strobe (output) 

— WAIT: signals for synchronization of 
the parallel !/O (input). This signal 
delays the internal clock, so that 
“slow’’ peripheral devices may be 
connected. Note: that WAIT signal 
can also be used with the second 
parallel 1/O port in the PCB5011 (see 
section 2.3.1). 


A block diagram of the parallel I/O 
circuitry is shown in Fig. 2.6-1. 


X-BUS 


Y-BUS 


P101-BIT 
IN PST 
REGISTER 


PARALLEL 1/O CONTROL 

PIO2-BIT 
IN PST 

REGISTER 


PCB5010 
PCB5011 


D15 to DO 


7Z93442 


Fig. 2.6-1 Parallel 1/O circuitry. 
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2.7 SERIAL I/O 


The PCB5010/11 has 2 independent serial inputs DIX and 
DIY and 2 independent serial outputs DOX and DOY 
(destinations and sources for X and Y-bus respectively). 
Actual transfer occurs, with a maximum speed of 4 million 


-bits/s, under the control of clocks CIX, COX, ClY, and COY 


from external devices. 


The following handshake signals, described in more detail in 

the following sections, are associated with the serial 1/O: 

— input/output enable SIXEN, SOXEN, SIYEN and SOYEN 
(input signals) 

— input/output request SIXRO, SOXRO, S!IYRQ and 
SOY RO (output signals) 


The following flags, whose functions are also described in the 

following sections, are associated with the serial 1/O: 

— serial 1/O acknowledge flags SIXACK, SOXACK, SIYACK 
and SOYACK. 


The programmer may control the length of the words to be 
transferred (between 1 and 16 bits) by writing the applicable 
values in the SIOST register fields: 


bit: 15 14 13 12/11 10 09 08/07 06 05 04;03 02 01 00 


SILX = length of serial input word with destination X-bus 
SOLX = length of serial output word with source X-bus 
SILY = length of serial input word with destination Y-bus 
SOLY =length of serial output word with source Y-bus 


The binary number in each field specifies the length; the 
code 0000 indicates a length of 16 bits. 


2.7.1 Serial input procedure 


The serial input procedure, as illustrated in the flow diagram 
in Fig. 2.7.1-1, is described below. A detailed block diagram 
of the serial input circuitry (Fig. 2.7.1-2) is needed to 
understand the procedure. 


Note: Only the serial input via the DIX pin is described 
since the serial input via the DIY pin operates in the 
same way. 


1. At reset, the SIXACK flag is reset to ‘0’ indicating that no 
word has been received in the SIX latch awaiting transfer 
via the X-bus. 


2. The SIXRQ signal is reset to ‘0’, indicating to external 
devices that they are allowed to send new data. 


3. Nothing happens until the external device enables the 
serial input by setting the input signal SIXEN to ‘0’. This 
is checked only on the rising edge of the incoming clock 
signal CIX. 
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SIXEN equal to ‘0’, results in the shifting in of the first 
bit (LSB) available via the DIX pin. Then an internal 
counter COUNT is set to one less than the word-length. 
The word-length information is taken from the SILX 
field of the SIOST register. 


4. At the next rising edge of the incoming clock signal CIX, 


the contents of COUNT is tested. When the contents of 
the counter is zero, data input is finished (continue at 
step 5). If it does not contain zero the data input continues 
as long as the SIXEN signal is ‘0’: COUNT is decremented 
and a bit is shifted in via the DIX pin. Step 4 is then 
repeated. When the SIXEN signal is one, the data input is 
finished (aborted) and the procedure continues with step 5. 


5. After finishing data input, the content of the shift register 


SIXS is copied to latch SIX. When less than 16 bits have 
been received the word is placed in the most significant 
part of SIX and the remaining bits are set to ‘0’. Also, the 
SIXACK flag is set to 1 indicating that a word has been 
received and is awaiting transfer via the X-bus. 


This copying and flag setting however does not occur 
when the SIXACK flag is not ‘0’ (indicating that the 
previous input has not been transferred via the X-bus; 
note that the first time after reset or power up SIXACK is 
always 0). The SIXRO signal is set to one, indicating to 
external devices that they are not allowed to send new 
data. 


After SIXACK has become ‘0’ (this is tested only at rising 
edges of the CIX clock signal) the copying and flag setting 
finally takes place. The procedure continues with step 2. 


Note: 


After changing the contents of the SILX and SILY 
fields of the SIOST register (which means: changing 
the word-length) the contents of SIX and SIY are 
undefined. 
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RST = 0 or power-up 


*% 
SIXACK : = 0 


Y 


FIRST BIT SHIFTED IN 
COUNT :=WORD LENGTH—1 


NEXT BIT SHIFTED IN 
COUNT :=COUNT—1 


7293438.) 


* SIXACK goes to 0 when SIX is the source on the X-bus. 

** When less than 16-bits have been received, the word is 
placed in the most significant part of SIX and the 
remaining bits are set to 0. 

This point is only passed when a rising edge on CIX 

occurs. 


Fig. 2.7.1-1 Serial input procedure. 


SERIAL 
INPUT 
CONTROL 


SIXACK 
FLAG IN 
lOF 
REGISTER 


SILX 
FIELD IN 
S!OST 
REGISTER 


7293440 


Fig. 2.7.1-2 Serial input circuitry. 
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2.7.2 Serial output procedures 


The serial output procedure, as illustrated in the flow diagram 
in Fig. 2.7.2-1 is described below. A detailed block diagram 
of the serial output circuitry (Fig. 2.7.2-2) is needed to 
understand the procedure. 


Note: Only the serial output via the DOX pin is described; 
the serial output via the DOY pin operates in the 


same way. 


1. At reset, the SOXACK flag is set to ‘1’, indicating that a 
word may be transferred via the X-bus to the SOX latch. 


2. The SOXROQ output signal is set to ‘1’ indicating to the 
external devices that there is no data available to be 
clocked out. The procedure is suspended until the first 
falling edge of incoming clock signal COX. 


3. When the SOXACK flag is not ‘0’ (then no data has been 
transferred via the X-bus to the SOX latch), step 2 is 
repeated. When SOXACK is ‘0’ (data has been transferred 
via the X-bus to the SOX latch), the data in the SOX latch 
is copied to the SOXS output shift register. The first bit 
(LSB) of the word that must be shifted out is placed in 
front of the output 3-state driver. 

Then the SOXRO output signal is set to ‘0’ indicating to 
the external devices that data is available to be clocked out. 


Also, the SOXACK flag is set to one to indicate that a 
new data word may be transferred via the X-bus to the 
SOX latch. Finally, an internal counter is loaded with a 
value one less than the word-length. The word-length 
information is taken from the SOXL field of the SIOST 
register. 


The procedure is now suspended until the next falling 
edge of the incoming clock signal COX. 


4. When the word-length is 1 (then the count is 0), the 


output procedure is finished. One bit words can be read 
by external devices that set the SOXEN signal to ‘0’ 
which enables the 3-state output buffer. In this case, the 
Procedure continues with step 3. It is important to note 
that SOXS can be overwritten before the bit has been 
read by the external devices. | 


When the word-length is greater than 1 (then count is not 
equal to zero) the output procedure is not finished. 
The procedure is suspended until one of the external 
devices enables the serial output by setting the input 


signal SOXEN to ‘0’. The first bit is available on the DOX 
pin immediately after the serial output is enabled. 


5. Nothing happens until a falling edge on the clock input 


COX is generated. At that moment another bit in the 
SOXS shift-register is shifted out via DOX. In addition, the 
contents of the counter is decremented. The output is 
finished when the counter contents has been decremented 
to zero (continue at step 3). pia 


If after decrementing, the counter value is not zero, the 
output continues by repeating step 5 unless SOXEN is 
now ‘1’. When SOXEN = 1, the output is finished (aborted) 
and the procedure continues at step 3. 
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RST =O or power-up 
Ss 4 


OXACK = 1 


SERIAL 
OUTPUT 
CONTROL 


SOXS : = SOX 
COUNT :=WORD LENGTH-1 
SOXRQ:=0 
SOXACK : = 1 


SOLX SOXACK 
FIELD IN FLAG IN 
S!OST 1OF 
REGISTER REGISTER 


Y 


7293441 


Fig. 2.7.2-2 Serial output circuitry. 


Y 
1 BIT SHIFTED OUT 
COUNT :=COUNT—1 


N 
¢———___——. 
N 


" 
N 
<a 
7293439 


* SOXACK goes to 0 when SOX is the destination on 
the X-bus. 

@ This point is only passed when a falling edge on COX 
occurs. 


Note: DOX is not enabled (in the 3-state mode) while 
SOXEN = 1. 


Fig. 2.7.2-1 Serial output procedure. 
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2.8 DATA BUSES X AND Y 


The data buses have a width of 16-bits and are used for 
transferring data between the functional units connected to 
them. Bus transfers are always part of MOVE and LOAD 


IMMEDIATE operations and can be part op MPY and ALU 
operations. The possible sources and destinations of the bus 
are given in the table below. 


source on X 


destination on X 


source on Y 


destination on Y | 


STACK STACK | 
RX RX 
RY RY 
[ie | 
7 RPR | 
OF 7 
IR(DATA field) _ : IR(DATA field) 
PST PST | PST 7 
FOR 
DRA DRA 
DRB DRB 
DRR DRR 
=< RAMA 
< RAMB 
Q een ee 
_ ARA 
Z ARB 
= ARR _ 
O ACUA 
™ ACUB | 
= ACUR 
rat PG PG 
ILX 
ILY 
LSP LSP 
MSP MSP 
RFILE 
ILA | 
oH 
SIOST ; 
SOX 


than 16 bits, only the least significant bits on the 
bus (same width) contain information. 

Note 3: ILX and ILY select the operands for the multiplier; 
ILA and ILB select the operands for the ALU. 


‘ 


Note 1: FOR is loaded by putting the required value 
(O or 1) in bit 13 of the 16-bit word that is sent. 
The other bits are ‘don’t cares’. 

Note 2: When the source or destination has a width of less 
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3.0 INSTRUCTION SET 


The behaviour of the processor is controlled by the instructions 
stored in on-chip ROM (PCB5010) or external program 
memory (PCB5011). Each instruction leads to the execution 
of one or more (up to 6) basic operations. The basic operations, 
the instruction format and the instruction fields are described 
in the following sections. 


3.1 BASIC OPERATIONS 


The execution of a basic operation can take either 1 or 2 clock 

cycles. This means that: 

®@ for 2 cycle basic operations pipelining is used in the P-mode 

@ a 1 cycle operation is extended by a second ‘‘no action” 
cycle when the processor is operating in the NP-mode. 


Basic operation sequencing is shown in Fig. 3.1-1 for the 
P-mode, and Fig. 3.1-2 for the NP-mode. There are 6 different 
basic operations which are described below. 


@ ALU operation (1 clock cycle) 


One of 31 different ALU operations is executed. The 
operations need 2, 1 or O operands. The operation’s 
result is stored in the register file or thrown away (into 
the trash can). In addition, a number of flags are updated. 


@ MOVE operation (1 clock cycle) 


Data from an X-bus (Y-bus) source is transferred via the 
X-bus (Y-bus) to an X-bus (Y-bus) destination. In the case 
that both buses have the same destination no transfer 
takes place. 


@ ACU (address computation and memory access) operation 
(2 clock cycles) 


Clock cycle 1: 
An address is calculated by the ACU and written into an 
address register (ARA, ARB, or ARR). 


Clock cycle 2: 

RAMA, RAMB, ROM or external memory is accessed at 
the location given by the address register (ARA, ARB, or 
ARR). This access is normally a read which updates one 
of the data registers (DRA, DRB, DRR, or Pl). If in the 
P-mode, however, the relevant RAM (RAMA, RAMB or 
external RAM) is assigned as a destination during a MOVE 
executed in parallel, the access will be a write. The result 
in this case is that the RAM is updated. 
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@ MPY (multiply/accumulate) operation (2 clock cycles) 


Clock cycle 7: 
Two operands are multiplied together and the result 
stored in the PR latch. 


Clock cycle 2: 
The content of PR is added to the output of S/SD and 
stored in the ACR. 


Note 1: The content of the ACR is accessed via the 
barrel-shifter and format-adjuster so that it can 
be transferred on the X or Y-bus during the 
clock cycle following ACR loading. The buses 
are selected by specifying LSP and/or MSP as 
the source for the X or Y-bus. 


Note 2: The explanation of the MPY operation is a 
simplified presentation of what really happens. 
In fact, clock cycle 1 is not just used for 
multiplication, but part of the accumulation as 
well: i.e. accumulation of the lower part of the 
multiplier result and the contents of the 
accumulator. Therefore, in the P-mode, an 
MPY with +ACRS or —ACRS in the MPY field 
(see section 3.3 on description of MPY fieid) 
that directly follows another MPY operation 
leads to an undefined situation where the higher 
part of the first multiplication/accumulation 
result is already required at the end on clock 
cycle 1, but is only ready after clock cycle 2. 
If it is necessary to have an MPY operation with 
+ACRS or —ACRS directly after a previous 
MPY operation (for multiprecision multiplication), 
then there has to be a no operation cycle (or at 
least no MPY operation) between them. 


DEVELOPMENT DATA 


@® BRANCH operation (1 or 2 clock cycles) 


Clock cycle 7: 

The branch condition is checked, the result of which can 
be true or false. When the result is false, the BRANCH 
operation is terminated. When the result is true, the action 
specified under “‘Clock cycle 2” is executed. 


Clock cycle 2: 
The program counter is loaded with the branch address. 


Note: no new operation is started during loading. 


@ LOAD IMMEDIATE operation (1 clock cycle) 


The 16-bit data word specified in the instruction is put on 
the X-bus and the Y-bus and transferred to one or two 
specified destinations. In the case that two_ identical 
destinations are specified no transfer takes place. 
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IMEMORY 


ACCESS eeu! 
oF (MPY) 
I 
or |CONDITION LOADING (BRANCH) 


{NEW ADDRESS 


IMEMORY 
j ACCESS 


lL OADING 
INEW ADDRESS 


—— eee eet 


MOVE 


IMEMORY 
j; ACCESS 


or 


NEW ADDRESS 
CALCULATION 


or 


or 


CONDITION 
CHECK 


or 


or 


1 clock 
—p | 


|#— cycle 


INEW ADDRESS 


ent i 


OPTIONS FOR 
BASIC OPERATION 
N—1 
(ACU) OPTIONS FOR 
BASIC INFORMATION 
(MPY) N 
(BRANCH) 


Sn a ne 


OPTIONS FOR 
BASIC OPERATION 
N+ 1 


LOADING 


(BRANCH) 


comme ee 


time —— 


Fig. 3.1-1 Basic operation sequencing in P-mode. 


Notes to Fig. 3.1-1 


NOTE 1: Each instruction may contain several simultaneous 
basic operations (see section 3.2 on instruction 
formats). 

“Loading new address” (BRANCH) takes place 
only when the condition is true. 

During “loading new address” (BRANCH) no new 
operation is started. 

Memory access is normally a data register (DRA, 
DRB, DRR, or PI) read. This read doesn’t take 
place when there is a simultaneous MOVE to a 
RAM (during a RAM access). 


NOTE 2: 


NOTE 3: 


NOTE 4: 


February 1986 


NOTE 5: An MPY operation with +ACRS or —ACRS in the 
MPY field directly following another MPY 
operation leads to an undefined situation (see 
description of MPY operation). 

After instruction N which specifies a MOVE 
or LOAD IMMEDIATE operation to PC (with 
DATA m) first instruction N + 1 is exceeded 
before instruction m is executed. 


NOTE 6: 
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or {MOVE INO ACTION 


(ACU) 


(MPY) 


(BRANCH) 


eee 


{NO ACTION 


NEW ADDRESS I MEMORY 
CALCULATION{IACCESS 


CONDITION 


| LOADING 
CHECK 


LI 


a 


’ clock 
@ cycle — > 


INO ACTION 


NEW ADDRESS 


NO ACTION 
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OPTIONS FOR 
BASIC OPERATION 
N—1 

(ACU) OPTIONS FOR 
BASIC OPERATION 

(MPY) N 

(BRANCH) 


— — ee —w ee eee me ae 


NEW ADDRESS. MEMORY 


CALCULATION! AC TESS (ACU) OPTIONS FOR 
BASIC OPERATION 
(MPY) Nt+1 
CONDITION | LOADING 
Bee (BRANCH) 


NEW ADDRESS 


NO ACTION 


time —t» 


Fig. 3.1-2 Basic operation sequencing in NP-mode. 


Notes to Fig. 3.1-2 


NOTE 1: Each instruction may contain several simultaneous 
basic operations (see section 3.2 on instruction 
format). 

NOTE 2: ‘‘Loading new address” (BRANCH) takes place 


only when the condition is true. If the condition is 
false, there is no action during the second clock 
cycie. 

NOTE 3: Memory access is a data register read. 
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3.2 INSTRUCTION FORMAT 
All instruction words are 40-bits wide. 


4 types of instructions are defined, each with their own set 

of basic operations: 

Type 0: ALU operation + 2 MOVE operations + 3 ACU 
operations 

Type 1: MULTIPLY operation + 2 MOVE operations + 
3 ACU operations 


= Type of ALU operation 


AOPS =ALU operands 
SX =Source on X-bus | 
SY =Source on Y-bus_ | 
DX = Destination on X-bus 
| DY =Destination on Y-bus 
| RFILE = Destination in Register file 
| ACUA =Type of ACUA operation 
| ACUB =Type of ACUB operation 
| ACUR = Type of ACUR operation 
MPY = Type of accumulator operation 
MOPS =Muitiply operands 
NAP = Address of next instruction when condition is true 
BR =Type of branch operation 
COND =Branch condition 
DATA = 16 bits data word that is transmitted on X and Y-bus 


3.3 INSTRUCTION FIELDS 


For each instruction field, the valid codes and their function 


are specified. For most fields, not only the function is 
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Type 2: BRANCH operation + 3 ACU operations 

Type 3: LOAD IMMEDIATE operation + 3 ACU operations. 
Each basic operation is specified by the contents of one or 
more instruction fields (see Fig. 3.2-1). | 


The field at the far left of each instruction indicates the 
instruction type. The other fields are defined in the following 
table. 


erent AP he pr ern ee eh nc! nee 


dedicated for ALU operations 
dedicated for ALU operations 

These fields are for ALU and/or MOVE operations, 
or for MPY and/or MOVE operations 
for MOVE or LI operations 

for MOVE or LI operations 

for ALU, MOVE or LI operations 
dedicated for ACU operations 
dedicated for ACU operations 
dedicated for ACU operations 
dedicated for MPY operations 
dedicated for MPY operations 
dedicated for BRANCH operations 
dedicated for BRANCH operations 
dedicated for BRANCH operations 
dedicated for L! operations 


specified but also a mnemonic. The PCB5010/11 assembly 
language, using the mnemonics in this data sheet, is described 
in a separate document. 


nT 
wD 
oy 
= 
om 
a 
= 
< 
mt 
© 
c 
1@>) 
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DEVELOPMENT DATA 


Instruction type 0: 


37 36 35 34 30 29 28 23 22 21 19 18 171}16 15 14 


ALU SX SY 


Instruction type 1: 


39 138 |37 36 35/34 33 32 31/30 29 28 27 26)25 24 23 22 21/20 19 18 17/16 15 14 
0; 1 MPY MOPS SX SY DX DY 


33 32 31 30 29 28 26 25 24 19118 17 16 15 14 
NAP CONDITION 


Instruction type 3: 


39 138 |37;36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21/20 19 18 17|;16 15 14 
1}, 14- DATA DX DY 


Fig. 3.2-1 The four instruction types and their fields. 
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13 


12 11 10 9|8 7 6 


12 11 10 918 7 6 


RFILE 


12 11 10 918 7 6 


RFILE 


ACUA 


12 11 10 918 7 6 


ACUA 


5 4 3 
ACUR 


210 
ACUB 
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Arithmetic operations: 
ADD 
XADD 
SUB 
XSUB 
CSUB 
NEG 
XNEG 
CNEG 
DEC 
XDEC 
INC 
XINC 
ASL 
XASL | 
ASR 
XASR 
ADDM 
DIV 
XSGN 


Logic operations: 
COM 

AND 

OR 

EXOR 

SWAP 

LSL 

LROL 

LSR 

LROR 


Other operations: 
PASS 
NULL | 
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10100 
10101 
10110 
10111 
11000 
01100 
01101 
01110 
01010 
01011 


type 


dyadic 
dyadic 
dyadic 
dyadic 
dyadic 
monadic 
monadic 
monadic 
monadic 
monadic 
monadic 
monadic 
monadic 
monadic 
monadic 
monadic 
dyadic 
dyadic 


no operand 


monadic 
dyadic 
dyadic 
dyadic 
monadic 
monadic 
monadic 
monadic 
monadic 


monadic 


no operand 


addition 

extended addition 
subtraction 

extended subtraction 
conditional subtraction 
negate 

extended negate 

conditional negate 
decrement 

extended decrement 
increment 

extended increment 
arithmetic shift left 

extended arithmetic shift left 
arithmetic shift right 
extended arithmetic shift right 
add MSB of BtoA 

unsigned division step 
extended N flag 


logic complement 
logic AND 

logic OR 

logic exclusive OR 
byte swap 

logic shift left 
logic rotate left 
logic shift right 
logic rotate right 


pass with flag update 
generate 0 

no operation 
reserved 
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00 dyadic source on X-bus source on Y-bus 
01 dyadic AAL source on Y-bus 
10 dyadic source on X-bus ABL 
11 dyadic AAL ABL 


00 monadic AAL 
(the operation is undefined when this operand is selected with a SWAP operation) 

n 01 monadic source On X-bus 
10 monadic source on Y-bus 
11 — reserved 


Note: the AOPS field has no meaning when a no operand operations is specified in the ALU field and as there is no operation, 
AAL and ABL retain their values. 


* The mnemonic of the particular source is used (see SX and SY fields). 


SX 
a 
- 00000 no source 
- 00001 data register DRR 
z a 00010 reserved 
Lu TOS 00011 top of stack (Note 1) 
= RX 00100 bussave register X 
o PI 00101 parallel data input register 
Ww 1IOF 00110 input/output status and user flag register 
> SOX 00111 serial output register connected to X-bus 
5 SIX 01000 serial input register connected to X-bus 
SIOST 01001 serial 1/O control register 
= 01010 reserved 
RAMB 01011 data register DRB 
PST 01100 processor status register 
RAMA 01101 data register DRA 
ACU(RAMB) 01110 address register ARB 
LSP 01111 least significant 16 bits of multiply/shift/adjust result 
MSP 10000 most significant 16 bits of multiply/shift/adjust result 
R1 10001 register 1 
R2 10010 register 2 
R3 10011 register 3 
R4 10100 register 4 
R5 10101 register 5 
R6 10110 register 6 
R7 10111 register 7 
R8 11000 register 8 
RQ 11001 register 9 
R10 11010 register 10 
R11 11011 register 11 
R12 11100 register 12 
R13 11101 register 13 
R14 11110 register 14 
R15 11111 register 15 


Note 1: When TOS is used as a source, the stack is popped one level. 
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mnemonic 


RAMB 


RAMA 
RY 
ROM 
SIY 
PG 
BSR 
ACU(ROM) 
ACU(RAMA) 
PST 

P| 

SOY 
LSP 
MSP 
R1 

R2 

R3 

R4 

R5 

R6 

R7 

R8 

RQ 
R10 
R11 
R12 
R13 
R14 
R15 
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code 


00000 
00001 
00010 
00011 
00100 
00101 
00110 
00111 
01000 
01001 
01010 
01011 
01100 
01101 
01110 
01111 
10000 
10001 
10010 
10011 
10100 
10101 
10110 
10111 
11000 
11001 
11010 
11011 
11110 
11101 
11110 
11111 


full name of source 


no source 
data register DRB 

reserved 

data register DRA 

bussave register Y 

data register DRR 

serial input register connected to Y-bus 
reserved 

page register 

barrel-shifter/format adjuster control register 
address register ARR 

address register ARA 

processor status register 

parallel data input register 

serial output register connected to Y-bus 
least significant 16 bits of multiply/shift/adjust result 
most significant 16 bits of multiply/shift/adjsut result 
register 1 

register 2 

register 3 

register 4 

register 5 

register 6 

register 7 

register 8 

register 9 

register 10 

register 11 

register 12 

register 13 

register 14 

register 15 
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DX 


mnemonic full name of destination 


no destination 

FOR bit in PST; the required value for FOR must be present 
in bit 15 on the bus; the other bits are don’t cares 

serial |/O control register 

second parallel data output buffer (PCB5011 only) 


RPO 


RX 0100 bussave register X 

PC 0101 program counter 

SOX 0110 serial output register connected to X-bus 
PRAM 0111 program RAM 

— 1000 reserved 

RPR 1001 instruction repeat register 
PO 1010 parallel data output buffer 
RAMA 1011 RAMA 

PST 1100 processor status register 
TOS 1101 top of stack (Note 1) 
ACU(RAMB,”*) 1110 ACUB 


1111 register file 


fill in a mnemonic of the ACU-initialization field. 


: ** fill ina mnemonic of the RFILE field. 
QO Note 1: When TOS is used as a destination, the stack is pushed one level. 
= 
LL 
= DY 
Oo . =a 
it mnemonic code full name of destination 
> 
5 — 0000 no destination 
BSR 0001 barrel-shifter/format adjuster control register 
—_ 0010 reserved 
RAMB 0011 RAMB 
_ 0100 reserved 
RY 0101 bussave register Y 
— 0110 reserved 
— 0111 reserved 
— 1000 reserved 
PG 1001 page register 
ACU(RAMA,”*) 1010 ACUA 
PO 1011 parallel data output buffer 
RPO 1100 second parallel data output buffer (PCB5011 only) 
SOY 1101 serial output register connected to Y-bus 
ACU(ROM,”*) 1110 ACUR 
ay 1111 register file 


fill in a mnemonic of the ACU-initialization field. 
** fill in a mnemonic of the RFILE field. 
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RFILE 


mnemonic - full name of destination 


no destination 
register 1 
register 2 
register 3 
register 4 
register 5 
register 6 
register 7 
register 8 
register 9 
register 10 
register 11 
register 12 
register 13 
register 14 
register 15 


ACU 
The ACU fields for RAMA, RAMB and ROM are identical. The content of the field has a different meaning if it is for ACU 
initialization or address computation. 


ACU INITIALIZATION 
New values for: 


mnemonic 

AR source M 
AAR source urce M 
SAR source source M 
A AR urce S M 
S AR . source M 
M AR S sO 
ASAR source urce source M 
AR1M _  (source)!M . S. M 


New values for: 


Note: see section 2.3.2 on ACUs and PG register for explanation of !M and br(....). 
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AR 
(A+1)!M 
(A—1)!M 
(A+S)!M 
(S+1)!M 
(A)!M 
(S)!M 
br(A+S) : 


A 

(A+1) IM 
(A—1)!M 
(A+S)!M 


NNNGBNNNN 
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Single-chip digital signal processor 


new ACR-value 


ACR (HOLD) 
P*Q 

P*Q+ACR 
P*Q— ACR 
P*QO+ACRx2?° 
P*Q—ACRx2?!5 


PCB5010 
PCB5011 


MOPS 
mnemonic P-input of multiplier Q-input of multiplier 
ree source on X-bus source on Y-bus 
*_* source on X-bus —(source on Y-bus) 
MXL, * MXL source on Y-bus 
MXL, —* ; MXL —(source on Y-bus) 
* MYL source on X-bus MYL 
MXL, MYL MXL MYL 
—1,—* —1 —(source on Y-bus) 
za —1 source on Y-bus 
—1,MYL —1 MYL 

Note: When the MPY-field contains 000, then independent of the MOPS-code the following is true: 
mnemonic code -P-input of multiplier Q-input of multiplier 

* Fill in the mnemonic of the particular source (see SX and SY fields). 

NAP 


The NAP field contains the address of the next instruction to be executed if a branch condition is true. 


function 


goto 

subroutine call 

return from subroutine 
return from INT interrupt 
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COND 


mnemonic 


AN 
XO 


GE or NOT LT 
NOT GT or LE 
IFX 

Hl or NOT LS 
OFL 

XOL 

AOL 

VL 

Zor EQ 


SIX 

SOX 

SIY 

SOY 
ACU(RAMA) 
ACU(RAMB) 
ACU(ROM) 
IFA 

IFB 

IFC 

IFD 


code 


00000X 
00001 X 
00010X 
00011X 
00100X 
00101 X 
00110X 
00111X 
01000X 
01001X 
01010X 
01011X 
01100X 
01101X 
01110X 
01111X 
10000X 
10001 X 
10010X 
10011X 
10100X 
10101X 
10110X 
10111X 
11000X 
11001X 
11010X 
11011X 
11100X 
11101X 
11110X 
11111X 


condition mnemonic explanation 


always true 
SGNM 
OOR 
reserved 
N.EXOR.V 


(N.EXOR.V).OR.Z 
IFA.AND.IFB.AND.IFC.AND.IFD. 


C.OR.Z 
OORL.OR.VL 
OORL 
OVFL 
VL 

Z 

N 

Cc 

V 
SIXACK 
SOXACK 
SIYACK 
SOYACK 
ACA 
ACB 
ACR 
reserved 
IFA 

IFB 

IFC 

1FD 
reserved 
reserved 
reserved 
reserved 


X = 0: branch takes place when condition = true 
X = 1: branch takes place when condition = false 


accumulator negative 


greater or equal to/ not Jess than 
not greater than/less than or equal to 


higher/not less than or equal to 
system overflow 

extractor overflow 
accumulator overflow 


Note: the mnemonic names GE, LT, GT, LE, HI, and LS refer to situations where the flag setting is a result of a subtraction 
(SUB) of operands A and B. For example, GE means that A is greater than or equal to B. 


DATA 


Data is a 16 bit data word which is transmitted on the X and Y-bus. 
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4.0 ELECTRICAL SPECIFICATION 


4.1 ABSOLUTE MAXMIMUM RATINGS 


condition 


parameter 


supply voltage 


voltage at any input 


PCB5010/11 
PCF5010/11 


operating ambient temperature range 


storage temperature range 


4.2 DC CHARACTERISTICS 


VDD supply voltage 
g VIH HIGH level input voltage 
< VIL LOW level input voltage 
5 VOH HIGH level output voltage Vopp = 4.75 V 
uu lou = 100 pA 
= VOL LOW level output voltage Vpp = 4.75 V 
S lop =2mA 
> lOH HIGH tfevel output current 
Qo lO. LOW level output current 

C; input pin capacitance 

Co output pin capacitance 

P power dissipation 
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4.3 AC CHARACTERISTICS 


| 
9 


1 CLK width HIGH 60 ns 
: 2 CLK width LOW 65 ns 
! 3 CLK HIGH to SYNC HIGH 10 ns 
4 CLK HIGH to Ax valid 10 ns x=0...15 
5 CLK HIGH to R/W LOW 10 — ns 
6 R/W width LOW 120 ns 
7 CLK LOW to DS LOW 5 ns 
8 CLK HIGH to DS HIGH 10 ns 
9 Dx set-up time 15 ns x=0...15 
10 Dx hold time _ 0 ns x=0...15 
11 Dx valid to DS LOW 0 ns x=0...15 
12 DS HIGH to Dx invalid 5 ns x=0...15 
13 WAIT set-up time 10 ns 
14 WAIT hold time 20 ns 
15 INT set-up time ; 5 ns 
16 INT hold time 20 ns 
17 CLK HIGH to [ACK LOW ns 
18 CLK HIGH to [ACK HIGH ns 
19 IFA, 1FB, IFC, [FD set-up time 5 ns 
20 IFA, IFB, IFC, IFD hold time 20 ns 
21 RST set-up time 10 ns 
22 RST hold time 20 ns 
24 CLK HIGH to PAx or ARRx valid 5 ns ee al 
25 | CLK HIGH to RR/W LOW ns 
26 RR/W width LOW 120 ns 
27 CLK LOW to RDS LOW ns 
28 CLK HIGH to RDS HIGH 10 ns 
29 RDx set-up time 15 ns x=0...15 
30 RDx hold time 0 ns x=Q...15 
31 RDx valid to RDS LOW 0 ns x=0...15 
32 RDS HIGH to RDx invalid 5 ns x=Q...15 
4] COX, CIX, COY, CLY width HIGH 125 ns 
42 COX, CIX, COY, ClY width LOW 125 ns 
43 COX(Y) LOW to SOX(Y)RO LOW ns 
44 COX(Y) LOW to SOX(Y)RO HIGH ns 
45 SOX(Y)EN set-up time 40 ns 
46 SOX(Y)EN hold time 40 ns 
47 COX(Y) LOW to next DOX(Y) valid ns 
48 SOX(Y)EN LOW to DOX(Y) valid 10 ns 
49 SOX(Y)EN HIGH to DOX(Y) 3-state ns 
53 CIX(Y) LOW to SIX(Y)RO LOW ns 
54 CIX(Y) LOW to SIX(Y)RO HIGH ns 
55 SIX(Y)EN set-up time 30 ns 
56 SIX(Y)EN hold time 10 ns 
57 DIX, DIY set-up time . 10 ns 
58 DIX, DIY hold time 40 ns 
59 P.Dx set-up time 5 ns x=0...39 
ns x=0...39 


60 PDx hold time 15 
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PAQ- PAO 


7297376 


Fig. 4.3-1 Program memory access timing (for PCB5011 only). 


DEVELOPMENT DATA 


<< 17— j<«- 18 
IACK t \ / 
see section 2.2.9 


7297378 


Fig. 4.3-3 Interrupt timing. 


see section 2.2. 7297379 
pi daria 7297380 


Fig. 4.3-4 Reset timing. Fig. 4.3-5 Synchronization timing. 
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ARR8- ARRO 


DATA OUTPUT 
RD15- RDO 


DATA INPUT 
RD15- RDO 


write action read action 7297381 


Fig. 4.3-6 Second parallel 1/O timing (for PCB5011 only). 


DATA OUTPUT 
D15-D0 


I" WE, «CNL: 
4S 


read action 7Z97382 


write action 


Note: (part of) the signals A15 — AO can be used just as hardware controlling outputs if they are not needed for 
addressing external RAM. 


Fig. 4.3-7 Parallel 1/O timing (WAIT inactive). 
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CLK 


WAIT 


7297383 


Note: as long as WAIT = 0 all clocked (by CLK) processor actions are suspended i.e. the internal status and all signals 
remain unchanged. 


Fig. 4.3-8 WAIT signal timing. 
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7297384 


Fig. 4.3-9 Serial input timing. 


<< 
— 48 In AT ja —e| 49 \~<— 
g oe a 7297385 


Fig. 4.3-10 Serial output timing. 
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5.0 PACKAGE OUTLINES 


5.1 PCB5010 PACKAGE OUTLINE (dimensions in mm) 


0,50 max 


1,07 oe (3x) 


23,6 
22,6 


! (Ha TEL EEH} 
oe te 0,53 | j 
O 24,28max aaa | 0,25 
—_————  25,3max —————> 


7Z93054.2 


70,15 


seating plane 


0,5 max 


Fig. 5.1-1 68-lead plastic leaded-chip-carrier (PLCC) (SOT-188A) package for the PCB5010. 
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DS 
ClY 
coy 
COX 
CIX 


2 
1 
[ 68 | Do 
67 
65 
64 
63 
62 
[ 61} SOYRO 


af ja a} fo an af fo a ro) 
n 
ie) 
x 
=) 
(2) 


DOX 
PCB5010 Vin 

SOXEN 
SIXRO 
Dix 

x SIXEN 

E 47 | IFD 

Q 46 | IFC 

-— 

a 45. | IFB 

Lid 

= 44] IFA 

a. 

‘@) S| lo tet tab fet ls Sl let de 

wueed 

= ide Be a aes 

> Z [f ec ¢« &£ £ &£ = § &8 7Z97387 

Lu a sg 


Fig. 5.1-2 Pinning for the PCB5010 (PLCC). 
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5.2 PCB5011 PACKAGE OUTLINE (dimensions in mm) 


0,76 


seating plane —> 
min 


<«—____—__—40+04 aa r 


2,54 
2,03 
| “+ 0,25 
spl4 32,2 
+0,3 

—_—_————- 35, 56+ 0,3 ——-_——_ > 
6000000000000 0 6 Ia 
0000000000000 00 IP 

0000 P0000 00000 IN 

000 000 1M 

000 ©O=—o 0 oO IL 

000 000 IK 

000 | 000 |J 

00°00 000 H bottom view 
000 000 |G 

°0 0 Oo==©) 000 |F 

o 0 0 nta pin oO 00 |E 

000 0001p 

000 ooo lc 

000 00 0 {8B 

COO OOO ]|A 

12 3 4 5 6 7 8 Q9 i0 1112 13 14 15 7Z95354.1 


Fig. 5.2-1 144-pin grid array (PGA) package for the PCB5011. 
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5.3 PIN ASSIGNMENT FOR Fig. 5.2-1 


PCB5011 signal name | pinnumber —_ | 


PCB5011 signal name 


pin number 


VoD N8, C8 
Vss N9, A2 
CLK Q2 
SCAN B3 
RST L14 
D15 P3 
D14 N4 
D13 Q1 
D12 P2 
D11 N3 
D10 M3 
D9 P4 
D8 N2 
D7 L3 
D6 M2 
<q D5 N1 
~ 
E D4 M1 
QO D3 L2 
= D2 L1 
2 D1 K3 
Ss DO K2 
a. 
oO A15 Al 
a A14 B2 
> A13 C3 
A12 C4 
Q 
All N5 
A10 Q3 
AQ P5 
A8 4 
A7 NG 
AG P6 
AS O5 
A4 P7 
A3 N7 
A2 O6 
Al Q7 
AO Pg 
R/W J2 
DS K1 
WAIT P4 
DIX B1 


(continued on next page) 
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PCB5011 signal name pin number 


PCB5011 signal name pin number 
PD39 RD15 F15 
PD38 RD14 G14 
~PD37 A3 RD13 Fi4 
PD36 A4 RD12 F13 
PD35 B5 RD11 E15 
PD34 ~ Ad RD1i0 E14 
PD33 ; C6 RD9 D15 
PD32 ~B6 RD8 C15 
PD31 B7 RD7 D14 
PD30 A6 RD6 E13 
PD29 A7 RD5 C14 
PD28 C7 RD4 B15 
PD27 A8 RD3 D13 
PD26 B8 RD2 C13 
PD25 AQ RD1 B14 
PD24 A10 RDO A15 
PD23 C9 eee 
PD22 B9 RR/W L13 
PD21 A11 RDS N15 
PD20 B10 
PD19 . C10 
PD18 A12 
PD17 B11 
PD16 A13 
PD15 a 
PD14 B12 
PD13 Al14 
PD12 B13 
PD11 C12 
PD10 G15 
PD9 G13 
PD8 K14 
PD7 L15 
PD6 J14 
PD5 | J13 
PD4 K15 
PD3 J15 
PD2 H14 
PD1 H15 
PDO H13 
ARR8 08 
ARR7 O9 
ARR6 . Q10 
ARR5 PQ 
ARR4 P10 
ARR3 N10 
ARR2 . Q11 
ARR1 P11 
ARRO . Q12 
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DEVELOPMENT DATA SAA5350 


This data sheet contains advance information and 


specifications are subject to change without notice. 


SINGLE-CHIP COLOUR CRT CONTROLLER (EUROM) 


GENERAL DESCRIPTION 


The SAA5350 EUROM is a single-chip VLSI NMOS crt controller capable of handling all display 
functions required by the CEPT videotex terminal, model A4. Only minimal hardware is required to 
produce a videotex terminal using EUROM — the simplest configuration needs just a microcontroller 
and 4 Kbytes of display memory. 


Features 

@ Minimal additional hardware required 

@ Screen formats of 40/80 character by 1-to-25 row display 

@ 512 alphanumeric or graphical characters on-chip or extendable off-chip 
Serial attribute storage (STACK) and parallel attribute storage 

Dynamically redefinable character (DRCS) capability over full field 
Interfaces with 8/16-bit microprocessors with optional direct memory access 
On-chip scroll map minimizes data to be transferred when scrolling 


On-chip colour map RAM (4096 locations) and three on-chip digital-to-analogue converters allow 
32 colours on-screen 


@ On-chip digital-to-analogue converters are non-linear to compensate for crt non-linearity 


@ Memory interface capable of supporting multi-page terminals. EUROM can access up to 128 Kbytes 
of display memory 


@ Programmable cursor 
@ Programmable local! status row 


@ Three synchronization modes: 
stand-alone built-in oscillator operating with an external 6 MHz crystal 
simple slave directly synchronized from the source of text composite sync 
phase-locked slave indirect synchronization allows picture-in-text displays (e.g. VCR/VLP video 
with text overlay) 


@ On-chip timing composite sync output 
@ Zoom feature which allows the height of any group of rows to be increased to enhance legibility 


PACKAGE OUTLINE 
40-lead DIL; plastic (SOT-129). 
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Fig. 1 Block diagram. 
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PINNING 

1 Vssi 

2 BUFEN 

3 RE 

4to19 A16toA1/ 
D15 to DO 

20 Vss2 

21 REF 

22 B | 

23 G 

24 R 

25 VDS 

26 OD 

2/ CLKO 

28 SAND 

29 F1/F6 

30 F6 

31 VCS/OSCO 

32 TCS 

33 FS/DDA 

34 UD 

35 LD 

36 DTACK 

37 BR 

38 AS 

39 R/W (S/R) 

40 Vpp 


Ground O V. 


Buffer enable input to the 8-bit link-through buffer. 


Register enable input. This enables A1 to A6 and UDS as inputs, and D8 to 
D15 as input/outputs. 


Multiplexed address and data bus input/outputs. These pins also function 
as the 8-bit link-through buffer. | 


Ground (0 V). 
Analogue reference input. 


Analogue outputs (signals are gamma-corrected). 


Switching output for dot, screen (row), box and window video data; for 
use when video signal is present (e.g. from tv, VLP, alpha + photographic 
layer). This output is LOW for tv display and HIGH for text and will inter- 
face directly with a number of colour decoder ICs (e.g. TDA3560, 
TDA3505). 


Output disable causing R, G, B and VDS outputs to go to high-impedance 
state. Can be used at dot-rate. 


12 MHz clock output for hard-copy dot synchronization (referenced to 
output dots). | 


Sandcastle feedback output for SAA5230 teletext video processor or other 
circuit. Used when the display must be locked to the video source (e.g. VLP). 
The phase-lock part of the sandcastle waveform can be disabled to allow 
free-running of the SAA5230 phase-locked loop. 


1 MHz or 6 MHz output. 
6 MHz clock input (e.g. from SAA5230). Internal a.c. coupling is provided. 


Video composite sync input (e.g. from SAA5230) for phase reference 
of vertical display timing when locking to a video source (e.g. VLP) or, 
in stand-alone sync mode, output from internal oscillator circuit (fixed 
frequency). 


Text composite sync input/output depending on master/slave status. 


Field sync pulse output or defined-display-area flag output (both referenced 
to output dots). | 


Upper data strobe input/output. 

Lower data strobe output. 

Data transfer acknowledge (open drain output). 
Bus request to microprocessor (open drain output). 
Address strobe output to external address latches. 


Read/write input/output. Also serves as send/receive for the link-through 
buffer. 


Positive supply voltage (+5 V). 
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PINNING (continued) 


FS/DDA 
TCS 
VCS/OSCO 


SAA5350 
F6 


7280578.1 


Fig. 2 Pinning diagram. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range (pin 40) Vpp —0,3to+7,5 V — 
Maximum input voltage (except F6, TCS, REF) Vinnie —0,3 to+7,5 V 
Maximum input voltage (F6, TCS) | Vimax —0,3 to+ 10,0 V 
Maximum input voltage (REF) | VREF —0,3 to+3,0 V 
Maximum output voltage Vomax 0,3 to+ 7,5 V 
Maximum output current lOmax 10 mA 
Operating ambient temperature range | — Tamb —20to+70 °C 
Storage temperature range | T stg —55 to + 125 oC 


Outputs other than CLKO, OSCO, R, G, B, and VD§ are short-circuit protected. 
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CHARACTERISTICS 
Vpp=5V + 5%; Vss = OV; Tamb = —20 to + 70 °C; unless otherwise specified 


SUPPLY 
Supply voltage (pin 40) 
Supply current (pin 40) 


INPUTS 

F6 (note 1) 

Slave modes (Fig. 3) 

Input voltage (peak-to-peak value) 


Input peaks relative to 
50% duty factor 


Input leakage current at 
V; =O to 10 V; Tamb = 25 OC 


Input capacitance 

Stand-alone mode (Fig. 4) 
Series capacitance of crystal 
Parallel capacitance of crystal 
Resonance resistance of crystal 
Gain of circuit 


DEVELOPMENT DATA 


BUFEN, RE, OD 
Input voltage LOW 
Input voltage HIGH 


Input current at 


Input capacitance 


REF (Fig. 5) 
Input voltage 


Resistance (pin 21 to pin 20) with 
REF supply and R, G, B outputs OFF 
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CHARACTERISTICS (continued) 
parameter — | 


OUTPUTS 

SAND | 

Output voltage high level at 
Ig =Oto—10 uA 


- Output voltage intermediate level at 
Io = —10 to + 10 nA 


Output voltage low level at 
Io = 0,2 mA 
Load capacitance 


F1/F6, CLKO, DDA/FS 
Output voltage HIGH at 
loH = —200 vA 
Output voltage LOW at Io, =3,2mA 
Load capacitance 


LDS, AS 


Output voltage HIGH at 
loH = —200 vA 


Output voltage LOW at Io, = 3,2 mA 
Load capacitance 


DTACK, BR: (open drain outputs) 
Output voltage LOW at Io, = 3,2 mA 
Load capacitance 

Capacitance (OFF state) 


R, G, B (note 2) 


Output voltage HIGH (note 3) at 
IOH = —100 vA; Veer =2,7V 


Output voltage LOW at Io) =2mA 
Output resistance during line blanking 
Output capacitance (OFF state) 


Output leakage current (OFF state) 
at Vj = Oto Vppt+ 0,3 V; 
Tamb = 25 °C 
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VDS 

Output voltage HIGH at IOpy = —250 vA 2,4 _ VoD V 
Output voltage LOW at Io, =2mA 0 a 0,4 V 
Output voltage LOW at Io; = 1mMA 0 = 0,2 V 


Output leakage current (OFF state) 
at Vj) =O to Vppt0,3 V; 
Tamb = 25 °C —10 — +10 LA 


INPUT/OUTPUTS 

VCcSs/OSCO 

Input voltage HIGH 2,0 — 6,0 V 
Input voltage LOW 0 — 08 V 


Input current (output OFF) at 
V1 = Oto Vppt 0,3 V; 
Tamb = 25 °C ZNO ee +10 | pA 


Input capacitance — — 10 pF 
Load capacitance — — 50 pF 
TCS 

Input voltage HIGH 3,5 = 10,0 V 
Input voltage LOW 0 — tS V 


Input current at 
V)} =O to Vppt+0,3 V; 
Tamb = 25 °C —10 — +10 pA 


Input capacitance — — 10 pF 


Output voltage HIGH at 
loH = —200 to 100 pA 2,4 — 6,0 V 


Output voltage LOW at Vo, =3,2 mA 0 — 0,4 V 
Load capacitance —- — 50 pF 


A1/D0 to A16/D15, UDS, R/W 

Input voltage LOW 0 — 0,8 V 
Input voltage HIGH 2,0 — 6,0 V 
Input current at 

V,=0 to Vppt90,3 V; 

Tamb = 25 °C —10 — + 10 pA 
Input capacitance — — 10 pF 
Output voltage HIGH at IoOy = —200 WA 2,4 — VppD V 
Output voltage LOW at Io, = 3,2 mA 0 7 0,4 V 
Load capacitance — — 200 pF 
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CHARACTERISTICS (continued) 


TIMING 
F6 (Fig. 3) 
Rise and fall times 80 ns 
Frequency 6,1 MHz 
CLKO, F1/F6, R, G, B, VDS, 
FS/DDA, OD (notes 4, 5 and Fig. 6) 
CLKO HIGH time ~TCLKH = ns 
CLKO LOW time tCLKL _ ns 
CLKO rise and fall times 'CLKr ” = 
tCLKf 

CLKO HIGH to R, G, B, VDS change tVCH — ns 
R, G, B, VDS valid to CLKO rise tvoc — ns 
CLKO HIGH to R, G, B, VDS valid tcov 60 ns 
CLKO HIGH to R, G, B, VDS floating 

oar after OD fall tFop 30 ns 
Skew between outputs R, G, B, VDS tvs 20 ns 
R, G, B, VDS rise and fall times tyr, tvF 30 ns 
CLKO HIGH to R, G, B, VDS active 

sags after OD rise taoD 60 ns 

_—» | CLKO HIGH to FS/DDA change tcop 55 ns 
FS/DDA valid to CLKO rise tpoc _ ns 
F1 HIGH time (note 6) tF1H 580 ns 
F1 LOW time (note 6) . tFIL 580 ns 
F6 HIGH time tF6H 120 ns 
F6 LOW time tre 120 ns 
OD to CLKO rise set-up tops 45 ns 
OD to CLKO HIGH hold tODH | 0 ns 
MEMORY ACCESS TIMING 
(notes 7, 8, 9 and Fig. 7) 
UDS, LDS, AS 

—> Cycle time | 520 ns 
UDS HIGH to bus-active for address output ~ ns 
Address valid set-up to AS fall = ns 

| Address valid hold from AS LOW — ns 

Address float to UDS fall = ns 
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S LOW to UDS fall delay 
UDS, LDS HIGH time 


UDS, LDS LOW time 


AS LOW to UDS HIGH 
Data valid set-up to UDS rise 
Data valid hold from UDS HIGH 


UDS HIGH to AS rise delay et 15 
AS LOW to data valid _ 270 
Link-through buffers 
(notes 7, 8 and Fig. 8) 
BUFEN LOW to output valid = 100 
Link-through delay time — 85 
‘a Input data float prior to direction change — — 
A Output float after direction change — 60 
2 Output float after BUFEN HIGH — 60 
= Microprocessor READ from EUROM 
rT (Fig. 9) 
i =| ~R/AWHIGH set-up to UDS fall Z 2 
= UDS LOW to returned-data access time = 210 
RE LOW to returned data access time — 210 
Data valid to DTACK LOW delay = — 
DTACK LOW to UDS rise _ = 
UDS HIGH to DTACK rise _ 75 
UDS HIGH to address hold = _ 
UDS HIGH to data hold = — 
UDS HIGH to RE rise _ — 
UDS HIGH to R/W fall _ ~~ 
UDS LOW to DTACK LOW _ 350 


Address valid to UDS fall 
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CHARACTERISTICS (continued) 


MEMORY ACCESS TIMING (continued) 
Microprocessor WRITE to EUROM (Fig. 10) 
Write cycle time (note 10) 

R/W LOW set-up to UDS fall 

RE LOW to UDS fall 

Address valid to UDS fall 

UDS LOW time | 

Data valid to UDS rise 

UDS LOW to DTACK LOW 

UDS HIGH to DTACK rise 

DS HIGH to data hold 

DS HIGH to address hold 

DS HIGH to RE rise 


UDS HIGH to R/W rise 


| cS 


= 
op) 


Cc 
ep) 


Cc 
ep) 


F1/F6 to memory access cycle (Fig. 11) 
UDS HIGH to F6 (component of F1/F6) rise 
F6 (component of F1/F6) HIGH to UDS rise 


SYNCHRONIZATION and BLANKING 
TCS, SAND, FS/DDA 


See Fig. 12 for timing relationships 
and Fig. 13 for vertical sync and 
blanking waveforms. 


Notes to the characteristics 


1. Pin 30 must be biased externally as it is internally a.c. coupled. 
2. 16-level analogue voltage outputs. 
3. Output voltage guaranteed when programmed for top level. 
4. CLKO, R, G, B, F1/F6, VDS: C, = 25 pF 
FS/DDA: C, = 50 pF 
5. CLKO, F1/F6, VDS, FS/DDA: reference levels = 0,8 to 2,0 V 
R, G, B: reference levels = 0,8 to 2,0 V with Vpg¢e = 2,7 V 
6. These times may momentarily be reduced to a nominal 83 ns in slave-sync mode at the moment 
of re-synchronization. 
Cy = 150 pF. 
Reference levels = 0,8 to 2,0 V. 
F6 input at 6 MHz. 
0. Microprocessor write cycle times of less than 500 ns are permitted but often result in Wait States 
being generated, the precise timing of DTACK will then depend on the internal synchronization 
time. 


= 0 N 
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(1) Catalogue number of crystal: 4322 143 04101 


Fig. 4(a) Oscillator circuit for SAA5350 stand-alone sync mode and (b) equivalent circuit of crystal at 
resonance (see characteristics for values). 


select 
1 from 16 


7280581 


R,G, or B analogue 
output 


Fig. 5 Circuit arrangement giving one-of-sixteen reference voltage levels for the R, G or B analogue 
outputs. 
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Fig. 6 Video timing. 
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Fig. 7 Memory access timing. 
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Fig. 8 Timing of link-through buffers. 
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Fig. 9 Timing of microprocessor read from EUROM. 
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| Fig. 10 Timing of microprocessor write to EUROM. 
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Fig. 11 Timing of F1/F6 to memory access cycle. 
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ae ----——————_ - - ---- 2V 
(line sync component) 


OV 
5V 


SAND 
(sandcastle output 
including phase lock) 2V 


OV 
SAND — 
(sandcastle output 
without phase lock) 


2V 


OV 
FS/DDA 


2V 
(DDA shown) 


OV 


0 BS 1,5 ws 4,75 us 8,5 us 16,5 uS 33,5 us 56,5 us 64 LS 7280588 


Fig. 12 Timing of synchronization and blanking outputs; 
all timings are nominal and assume frg = 6 MHz. 
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Fig. 13 Vertical synchronization and blanking waveforms; separation 
of broad pulses = 4,75 us; equalizing pulse widths = 2,25 us. 
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APPLICATION INFORMATION 
More detailed application information is available on request 
BASIC VIDEOTEX DECODER CONFIGURATION 


A basic, practical decoder configuration is shown in Fig. 14, reference should also be made to the 
block diagram Fig. 1. 


EUROM 
SAA5350 TELEPHONE LINE 
INTERFACE 


t 4 


RAM 2K 16 


CONTROL LOGIC 


7295256 


Fig. 14 Basic videotex decoder configuration. 


Character and attribute data is fetched from the external memory, processed by the row buffer fill 
logic according to the stack coding scheme (in stack mode) and then fed into one half of the dual 
display row buffer. The data fetch process takes place during one line-flyback period (per row) and, 
since time is required to complete the fill, the other half of the dual row buffer is used for display. 
The row buffers exchange functions on alternate rows — each holds the 40 columns of 32 bits required 
to define explicitly every character in a row. 


The addresser is used for row buffer filling and for fetching screen colours, and during the display time 
it is also used for addressing DRCS characters. 


Timing 

The timing chain operates from an external 6 MHz clock or an on-chip fixed-frequency crystal 
oscillator. The basic video format is 40 characters per row, 24/25 rows per page and 10 video lines 

per row. EUROM will also operate with 20/21 rows per page and 12 video lines per row. The two extra 
lines per row are added symmetrically and contain background colour only for ROM-based alpha- 


numeric characters. DRCS characters, block and smooth mosaics and line drawing characters occupy 
all 12 lines. | 


The display is generated to the normal 625-line/50 Hz scanning standard (interlaced or non-interlaced). 
In addition to composite sync (pin 32) for conventional timebases, a clock output at 1 MHz or 6 MHz 
(pin 29) is available for driving other videotex devices, and a 12 MHz clock (pin 27) is available for 
hard-copy dot synchronization. A defined-display-area timing signal (pin 33) simplifies the application 
of external peripherals such as a light pen; this signal is nominally coincident with the character dot 
information. 7 
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APPLICATION INFORMATION (continued) 
Character generation 


EUROM supports eight character tables, each of (nominally) 128 characters. Four tables are in on-chip 
ROM and contain fixed characters and four are stored in an external RAM. The contents of the fixed 
character tables (Tables 0 to 3) are shown in Figs 15 and 16. : 


Aaa OBPop 
fx! 1AQaq 
Ee” 2BRbr 
wuescscs 
caa4DTdt 
BecsEveu 
L1iij6FVfv 
(o’ 7GWow 
uu (B8HKhx 
AA)SLYiy 
da%: IZiz 
e690; KAkKS 
#i,iL61é 
nNn-oMUmii 
Aa. BNi nb 


2531 


Bs Wis 53. 
ete et: Ga: fd: 02: 
‘tah 
a 
O 


See eed fA 
Gle cio bits His t+ > i: > 


> Ws Cas STU? > 
eS A A 2 2 
2 odo: Gee 


Py ety See > Cys ts Gis Cs As bs 2. 0 


ee eit eo 


ci Ole! Dl fis: 


coe Pal 


(a) (b) 


Fig. 15 On-chip characters: (a) Table 0; (b) Table 1. 
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Fig. 16 On-chip characters: (a) Table 2; (b) Table 3. 


. | November 1986 923 


SAA5350 


APPLICATION INFORMATION (continued) 
Character generation (continued) 


The 128 most commonly used characters are contained in Table 0, these are the standard upper and 
lower-case letters of the Roman alphabet, numerals, punctuation and the more common accented 
characters. In normal text transmission, Table O is used most of the time. Table 1 contains other 
accented characters. Miscellaneous characters, mathematical symbols, the line drawing character set — 
and accents without associated symbols are contained in Table 2. Table 3 contains the block mosaics 
for the basic alpha-mosaic service and also the new smooth mosaics. 


The four tables stored in the external RAM (Tables 4 to 7) are used for DRCS. 


Scroll map 


The scroll map uses a 26-byte area of on-chip RAM and functions in association with the timing chain. 
lt maps the scan row on to the fetched memory row so allowing the stored page to be displayed in any 
row order. For each row, a 1-byte pointer to the display memory row is stored in the scroll map. This. 
allows scrolling without the need for data transfer to, or from, side storage. 

Additional control bits are stored, allowing 1 to 25 rows to be displayed at any location on the screen. 


Colour map and digital-to-analogue converters 


The colour map RAM contains thirty-two 12-bit words that are loaded by the microprocessor and read 
out in three 4-bit groups at pixel rate. Each group is fed to a non-linear (gamma-corrected) D-A con- 
verter. The resulting R, G and B outputs are low-impedance with peak-to-peak amplitudes controlled 
by the reference voltage applied at pin 21. 


Cursor 


The cursor is available in the stack mode. Its position, character code, character table, foreground 
colour, background colour, lining and flash attributes are all software programmable via internal . 
register bits. 


NON-VIDEOTEX APPLICATIONS 
For non-Videotex applications, the device will also support the following operating modes: 


Explicit fill mode. An alternative 40 character/rows mode which does not use the memory compression 
technique of stack coding. More display memory is required but there are no limitations on the number 
of display attribute changes per row. 


80 characters/rows mode. When operating with 80 characters per row, the available display attributes 
are eight foreground colours, eight (potentially different) background colours (including transparent) as 
well as underline and blink. , 


Full field DRCS mode. This mode is not mutually exclusive to the explicit fill and 80 characters/rows 
modes but rather the available DRCS memory is expanded so that the whole screen can be covered, 
thus enabling a ‘bit map’. All ROM-based characters and all display attributes remain available. 


MICROPROCESSOR and RAM BUS INTERFACE 

Three types of data transfer take place at the bus interface: 

@ EUROM fetches data from the display memory 

@ The microprocessor reads from, or writes to, EUROM's internal register map 


@ The microprocessor accesses the display memory 


AS AOL iG IC TURAL TA FRO RI 
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EUROM access to display memory (Figs 17 and 18) 


EUROM accesses the external display memory viaa 16-bit multiplexed address and data bus with a cycle 
time of 500 ns. The address strobe (AS) signal from EUROM flags the bus cycle and writes the address 
into octal latches (74LS373). The display data is stored in bytes of upper (most-significant) and lower 
(least-significant) display information and is always fetched in pairs of bytes (upper + lower = 16 bits). 
The upper and lower display RAM sections are enabled simultaneously by the upper and lower data 
strobes (respectively UDS and LDS) which are always asserted together to fetch a 16-bit word. The 
read/write control R/W is included although EUROM only reads from the display memory. 


EUROM 
SAA5350 


A16 to AQ 
D15 to D8 


A8 to Al 


A8 to Al 


DISPLAY MEMORY 7295258 
(1) 74LS373 octal transparent latch (3-state) 


Fig. 17 Simple RAM interface circuit for display memory access. 


7295257 


Fig. 18 Bus timing for display memory access. 
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APPLICATION INFORMATION (continued) 
EUROM access to display memory (continued) 


The display memory organization uses the word/byte addressing convention adopted for the SCN68000 
microprocessor series. Data fetched on the 16-bit bus is considered in terms of bytes where the even 

numbered bytes use the upper (most-significant) part of the bus as shown in Fig. 19. The word addresses 

are numerically the same as the upper byte that they contain — there are no odd-numbered word | 
addresses. | 


D15 to D8 D7 to DO 


BYTE 5 


| 
WORD 1FFFE 
BYTE 1FFFE BYTE 1FFFF 


7295251 


Fig. 19 Display memory word/byte organization. 


Warning time 


As EUROM is a real-time display device, it must have direct access to the display memory with 

priority over the microprocessor and other peripheral devices. This is achieved by EUROM issuing a bus 
request (BR) signal for the duration of the memory access plus a programmable advance warning time 
which allows the microprocessor to complete its current bus cycle. 


In systems where the buses of the microprocessor and EUROM are intimately connected (connected 
systems), BR may be used to suspend all microprocessor activity so that EUROM can act as a dedicated 
DMA controller. In systems where the two buses are separated by buffers (disconnected systems), BR 
may be used either to generate an interrupt or as a direct signal. To these ends, the warning time 
between the assertion of BR and the beginning of EUROM’s bus activity is programmable to be between 
O and 23 us. 


November 1986 


Single-chip crt controller (EUROM) SAA5350 


Microprocessor access to register map 


EUROM has a set of internal registers which, when memory-mapped, behave as an 8-bit wide RAM 
connected to the upper part of the data bus (Fig. 20). The control signals UDS and R/W are reversed 
to become inputs and the register map is enabled by the signal RE . Addresses are input via the lower 
part of the bus. A data transfer acknowledge signal (DT ACK) indicates to the microprocessor that the 
data transfer is complete. 


EUROM 
SAA5350 


REGISTER 
MAP 


RE UDS A16 to AQ R/W AG to Al DTACK 
D15 to D8 D5to DO 
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Fig. 20 Microprocessor access to register map. 


The main data and address paths used in a connected 68000 interface are shown in Fig. 21. The outputs 
from the octal latches (74LS373) are enabled only when the 68000 has made the bus available in 
response to a bus request (BR). When the register map is accessed data is transferred via the upper part 
of the bus and the microprocessor’s low-order address is passed to EUROM via the octal buffers 
(74LS244). At the same time the bidirectional buffers (74LS245) disable the signals from the low order 
data bus of the 68000. 


The buffers ‘244 and ‘245 may be omitted in a 16-bit write-only configuration where the least-significant 
data byte is interpreted by EUROM as an address. Here it will generally be necessary for the micro- 
processor to hold a (readable) ‘master copy’ of EUROM’s scroll map contents at a location in its main 
memory. 


DEVELOPMENT DATA 


8-bit microprocessors 


Although the control bus is optimised for the SCN68000 16-bit microprocessor unit, EUROM will 
operate with a number of widely differing industry-standard 8, 16 or more-bit microprocessors or 
microcontrollers (e.g. SCN68008, MAB8051). The interfacing of 8-bit microprocessors to the 16-bit 
wide display memory is made simple by EUROM’s on-chip link-through buffer which provides the 
microprocessor with bidirectional access to the lower (odd) half of the memory. The link-through 
buffer is enabled by the buffer-enable signal BUFEN, and the send/receive direction is controlled by the 
signal S/R. 


The main data and address paths used in a connected 8-bit microprocessor system are shown in Fig. 22. 
The interface is similar to that of the 16-bit system but here the display memory does not receive AO 
as an address, rather AO is used as the major enabling signal for BUFEN (enables when HIGH). 
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APPLICATION INFORMATION (continued) 
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(1) 74LS373 octal transparent latch (3-state) - 
(2) 74LS244 octal buffer (3-state) 

(3) 74LS245 octal bus transceiver (3-state) 

(4) SCN68000 microprocessor unit 


Fig. 21 Connected 16-bit microprocessor system. 
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(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 


Fig. 22 Connected 8-bit microprocessor system. 
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APPLICATION INFORMATION (continued) 
Disconnected systems 


For many applications it may be desirable to disconnect EUROM and the display memory from the 
microprocessor and its ROM, RAM and other peripherals by using isolating buffers as shown in Fig. 23. 
The two parts of the system then operate independently and communicate only when the micro- 
processor accesses EUROM’s register map or the display memory. 
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(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 
(3) 75LS245 octal bus transceiver (3-state) 
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Fig. 23 Disconnected 8-bit system. 
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Synchronization 
Stand-alone mode 


As a stand-alone device (e.g. in terminal applications) EUROM can output a composite sync signal (TCS) 
to the display timebase IC or to a monitor. Timing is obtained from a 6 MHz on-chip oscillator using an 
external crystal as shown in Fig. 24. 


vcs/Osco | 
! R,G,B 


EUROM 
SAA5350 


_ ‘Tes 
to timebase 


7295254 .1 


Fig. 24 Stand-alone synchronization mode. 


Simple-slave 

In the simple-slave mode EUROM synchronizes directly to another device, such as to the TCS signal 
from the SAA5240 European computer-controlled teletext circuit (CCT) or from another EUROM as 
shown in Fig. 25. EUROM’s horizontal counter is reset by the falling edge of TCS. A dead time of 250 ns 
is built in to avoid resetting the counter at every tv line and so prevents screen jitter. 

Field synchronization is made using EUROM’s internal field syne separator. 


TCS FP ~~ 
SAA5240 


SAA5350 


eertervame came heme 


TCS 7295255 
to timebase 


Fig. 25 Simple-slave (direct sync) mode. 
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APPLICATION INFORMATION (continued) 
Synchronization (continued) 
Phase-locked slave 


The phase-locked slave (indirect sync) mode is shown in Fig. 26. A phase-locked VCO in the SAA5230 
teletext video processor provides sync to the timebases. When EUROM is active, its horizontal counter 
forms part of the phase control loop — a horizontal reference is fed back to the SAA5230 from the 
SAND output and a vertical reference is generated by feeding separated composite sync to EUROM’s 
field sync separator via the VCS input. In the phase-locked slave mode, the display derived from EUROM 
can sync with that from a tv source or a local VLP player, thus giving picture-in-text display possiblities. 


broadcast 
video 
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7295253 
sync 
to timebase 


Fig. 26 Phase-locked slave (indirect sync) mode. 
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Display Character and Graphics Generator (DCGG) 


Product Specification 


DESCRIPTION 

The Signetics SCN2670 Display Charac- 
ter and Graphics Generator (DCGG) is a 
mask-programmable 11,648-bit line se- 
lect character generator. It contains 128 
10x9 characters placed in a 10x16 
matrix, and has the capability of shifting 
certain characters, such as j, y, g, p and 
q, that normally extend below the base- 
line. Character shifting, previously requir- 
ing additional external circuitry, is now 
accomplished internally by the DCGG; 
effectively, the 9 active lines are lowered 
within the matrix to compensate for the 
character's position. 


BLOCK DIAGRAM 
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Originally published by Signetics February 1985 


FEATURES PIN CONFIGURATION 


e 5x7 or 7x9 character fonts 
e128 10x9 matrix characters 

e 256 graphic characters 

e Optional thin graphics for forms 


e Character and line address 
latches 


e Internal descend logic 
e 200nsec and 300nsec character 


select access time versions CSTROBE |. 
@ Control character output inhibit CA4 

logic CAS 
e Static operation — no clocks CA6 
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e Single 5V power supply GM 
e TTL compatible inputs and 
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ORDERING CODE 


CHARACTER FONT 


PACKAGES 


SIZE tca = 200ns tca = 300ns 
Ceramic DIP r SCN2670CC2128 SCN2670CC3128 
Plastic DIP 5X7 SCN2670CC2N28 SCN2670CC3N28 
Plastic LCC SCN2670CC2A28 SCN2670CC3A28 
Ceramic DIP SCN2670BC2!i28 SCN2670BC3128 
Plastic DIP 7X9 SCN2670BC2N28 SCN2670BC3N28 
Piastic LCC SCN2670BC2A28 


Veco = 5V +5%, Ta =0°C to 70°C 


SCN2670BC3A28 


PIN DESCRIPTION 


NAME AND FUNCTION 

Character Address: Eight bit code specifies the character or graphic pattern for which matrix data is to be 

supplied. In character mode (GM = 0), CAO through CA6 select one of the 128 ROM-defined characters and 

CA7 is a chip enable. The outputs are active when CA7 = 1 and are three-stated wnen CA7 = 0. In graphics 

mode (GM = 1), the outputs are always active and CAO through CA7 select one of 256 possible graphic 
patterns to be output. 


Character Strobe: Used to store the character address (CAO through CA7) and graphics mode (GM) inputs 
into the character latch. Data is latched on the negative going edge of CSTROBE. Can be connected to the 
| CCLK of the Signetics attributes controller chips. 


Graphics Mode: GM = 0 (low) selects character mode; GM=1 (high) selects graphics mode. 


Line Address: In character mode, selects one of the 16 lines of matrix data for the selected character to 
| appear at the 10 outputs. LAO is the LSB and LA3 is the MSB. The input codes which cause each of the nine 
lines of character data to be output are specified as part of the programming data for both non-shifted and 
shifted fonts. Cycling through the nine specified counts at the LAO through LA3 inputs cause successive 
lines of data to be output on DO through D9. The 7 non-specified codes for both non-shifted and shifted 
| characters cause blanks (logic zeros) to be output. In graphics mode, the line address gates the latched 
graphics data directly to the outputs. 


Line Strobe: Used to store the line address data (LAO through LA3) in the line address latch. Data is latched 
| on the negative going edge of LSTROBE. Can be connected to the BLANK output of the Signetics video 
display controller chips. 


LSTROBE 


SCD Selected Character Disable: In character mode, a high level at this input causes all outputs (regardless of 
line address) to be blanks (zeros) for characters for which CA6 and CAS are both 0. A low level input selects 


| normal operation. Inoperative in the graphics mode. 
D9 - DO Data Outputs: Provide the data for the specified character and line. 
Voc + 5V power supply. | 


GND 


Ground. 


Seven bits of an 8-bit address code are used _ inputs. One or more of the 10 parallel outputs 


to select 1 of the 128 available characters. 
The eighth bit functions as a chip enable 
signal. Each character is defined by a pattern 
of logic 1's and 0's stored in a 10 x 9 matrix. 
When a specific 4-bit binary line address 
code is applied, a word of 10 parallel bits 
appears at the output. The lines can be 
sequentially selected, providing a 9-word se- 
quence of 10 parallel bits per word for each 
character selected by the address inputs. As 
the line address inputs are sequentially ad- 
dressed, the device will automatically place 
the 10x9 character in 1 of 2 pre-pro- 
grammed positions on the 16-line matrix with 
the positions defined by the 4-line address 
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can be used as control signals to selectively 
enable functions such as half-dot shift, color 
selection, etc. 


The SCN2670 DCGG includes latches to 
store the character address and line address 
data. A control input to inhibit character data 
output for certain groups of characters is also 
provided. The SCN2670 also includes a 
graphics capability, wherein the 8-bit charac- 
ter code is translated directly into 256 possi- 
ble user programmable graphic patterns. 
Thus, the DCGG can generate data for 384 
distinct patterns, of which 128 are defined by 
the mask programmabie ROM. See figure 1 
for a typical applications display. 


FUNCTIONAL DESCRIPTION 

The DCGG consists of nine major sections. 
Line and character codes are strobed into the 
line and character latches. The character 
latch outputs are presented to the three 
sources of data; the ROM through an address 
decoder, the graphics logic, and the output 
inhibit control. The output inhibit control (to- 
gether with the SCD input) suppresses the 
ROM data for selected character codes. The 
outputs from the line latch drive the line 
address transiation ROM which maps the 
character ROM data onto 9 of 16 line posi- 
tions. Finally, the line select multiplexers 
route the ROM or graphics data to the output 
drivers on DO through D9. 
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Character Latch 

The character latch is a 9-bit edge triggered 
latch used to store the character address 
(CAO through CA7) and graphics mode (GM) 
inputs. The data is stored on the falling edge 
of CSTROBE. Seven latched addresses (CAO 
through CA6) are inputs to the ROM charac- 
ter address decoder. In character mode 
(GM = 0), CA7 operates as a chip enable. 
The output drivers are enabled when CA7 = 1 
and are three-stated when CA7 = 0. In graph- 
ics mode (GM= 1), the output drivers are 
always enabled and the CAO through CA7 
outputs of the latch are used to generate 
graphic symbols. 


Character Address Decoder 

This circuit decodes the 7-bit character ad- 
dress from the character latch to select one 
of the 128 character fonts stored in the ROM 
section of the DCGG. 


Read Only Memory 

The 11,648-bit ROM stores the fonts for the 
128 matrix-defined characters. The data for 
each character consists of 91 bits. Ninety bits 
represent the 10X9 matrix and one bit speci- 
fies whether the character data is output at 
the normal (unshifted) lines or at the de- 
scended (shifted) lines. The 90 data bit out- 
puts are supplied to the line select multiplex- 
ers. The descend control bit is an input to the 
line address translation ROM. 


Figure 1. 


Typical Application Using The 7x9 Character Font 


Graphics Logic 

When the GM input is zero (low), the DCGG 
operates in the character mode. When it is 
one (high), it operates in the graphics mode. 
In graphics mode, output data is generated by 
the graphics logic instead of the ROM. The 
graphics logic maps the latched character 
address (CAO through CA7) to the outputs 
(DO through D9) as a function of line address 
(LAO through LA3). For any particular line 
address value, two of the CA bits are output: 
CAO, CA2, CA4 or CA6 is output on DO 
through D4 and CA1, CA3, CA5 or CA7 is 
output on D5 through D9. The outputs are 
paired: When CAO is output on DO through 
D4, CA1 is output on D5 through D9 and 
likewise for CA2-CA3, CA4-CA5 and 
CA6 - CA7. 


A ROM within the graphics logic allows the 
specific line numbers for which each pair of 
bits is output to be specified by the customer. 
Figure 2 illustrates the general format for 
graphics symbols and an example where CA7 
through CAO = H'65'. The outputs from the 
graphics logic go to the line select multiplex- 
ers. The multiplexers route the graphic sym- 
bo! data to the outputs when GM = 1. 


Thin Graphics Option 

As a customer specified option, 16 of the 
possible graphic codes (H'80' to H'8F') may 
be used to generate the special graphic 
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characters illustrated in figure 3. For each of 
these characters, the vertical component ap- 
pears on the D4 output. The horizontal com- 
ponent occurs on Ly which is specified by the 
customer. The vertical components specified 
by CAO and CA2 are output for line addresses 
zero through Ly and Ly through fifteen, 
respectively. 


Line Select Multiplexers 


The ten line select multiplexers select ROM 
data as specified by the line address transla- 
tion ROM when GM =0, or graphics data 
when GM = 1. The inputs to each multiplexer 
are the nine line outputs from the ROM, an 
output from the graphics logic and a logic 
zero (ground). 


Output Drivers 

Ten output drivers with 3-state capability 
serve as buffers between the line select 
multiplexers and external logic. Tne 3-state 
control input to these drivers is supplied from 
the CA7 latch when GM = 0. When GM = 1, 
the outputs are always active. 


Output Inhibit Control 

The output inhibit control logic operates only 
if GM=0. It causes the output of the line 
select multiplexers to be logic zero if the SCD 
input is high and CA6 and CAS of the latched 
character address are 00. If the SCD input is 
low, normal operation occurs. (This feature is 
useful in ASCil coded applications to selec- 
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LINE ADDRESS 


GROUP LINE ADDRESSES ARE SPECIFIED BY THE CUSTOMER 


EXAMPLE: CA7-CAO = H’65S’ 


GROUP 1 SPECIFIED FOR LINES 0, 1, 2 
GROUP 2 SPECIFIED FOR LINES 3, 4, 5 
GROUP 3 SPECIFIED FOR LINES 6, 7, 8 
GROUP 4 SPECIFIED FOR LINES 8, 10, 11 
SPACE SPECIFIED FOR LINES 12, 13, 14, 15 


Figure 2. Graphics Symbols — General Format 


Table 1. MEMORY MAP FORMAT 
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2732 Byte 
Address 


0 
a | 


2-17 (2—11H) 


48(12H) 
19(13H) 
20(14H) 
21(15H) 
22(16H) 
23(17H) 
24(18H) 
25(19H) 
26(1 AH) 
27(1BH) 
28(1CH) 
29(1DH) 
30(1EH) 
31(1FH) 
32(20H) 
33(21H) 
34(22H) 
35(23H) 
36(24H) 


37(25H) 


38 — 57 
(26 — 39H) 
58-77 

(3A - 4Dh) 


2578 - 2597 
(A12 —- A25H) 


Data 


0 = No thin graphics 1 = Thin graphics © 
Line address for the horizontal segment of the thin line graphics 
fonts (set to '0' if byte 0 ='0’). 
Specify group number (1-4) to be output at the corresponding line 
address (0-F). A '0' specifies no data for that address. 
Line address at which the first NONSHIFTED font data appears. 
second 
third 
fourth 
fifth 
sixth 
seventh 
eighth 
ninth 
Line address at which the first SHIFTED font data appears. 
second 
third 
fourth 
fifth 
sixth 
seventh 
eighth 
ninth 
Font truth table printout format 
0 = Left to right printing of horizontal data bits DO - D9 
= Left to right printing of horizontal data bits D9 - DO 
Font truth table printout format 
0 = Top to bottom printing of vertical line addresses (0 — FH) 
1 = Top to bottom printing of vertical line addresses (F - OH) 
Character 0 data 


Character 1 data 


Character 128 (7F H) data 
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tively disable character generation for non- 
displayable characters such as line feed, 
carriage return, etc.) 


Line Address Latch 

The line address latch is a 4-bit latch used to 
store the line address (LAO -LA3). The data 
is stored on the negative edge of the 
LSTROBE input. 


Line Address Transiation ROM 
This 32 x 10 ROM translates the 5-bit code 
consisting of the 4 outputs from the line 
address latch and the descend control bit 
from the ROM into a 1-of-10 code for the line 
select multiplexers. Programming information 
provided by the customer specifies the ad- 
dress which selects each line of ROM data 
for both shifted and non-shifted characters. 
Thus, there are nine line addresses which 
select ROM data for unshifted characters and 
nine addresses for shifted characters. These 
combinations are usually specified by the 
customer in either ascending or descending 
order. For the remaining 14 codes (7 each for 
unshifted and shifted characters), the transla- 
tion ROM forces zeros at the outputs of the 
line select multiplexers. 


This circuitry only operates if GM = 0. When 
GM=1, the line select multiplexers are 
forced to select the outputs from the graphics 
logic. - | 


Figure 4 shows an example of data outputs 
where the customer has specified line 1 as 
the first line for unshifted characters, line 4 as 
the first line for shifted characters and line 
address combinations in ascending order. 
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5x7 Design Note 

GENERAL FORMAT The 5x7 character fonts of the 2670C have 
10 x 16 CHARACTER BLOCK been centered in the 10 x 9 character fields. 
is ) Because of this centering, only the D1 
through D8 data bus pins (pins 23 through 16) 
are to be used for the character data. D1 can 
be connected to the least significant bit of the 
Signetics Video Attributes Controller data bus 
(DO), D2 of the 2670C can be connected to 
01 of the attributes controller, etc. The Do 
and D9 pins will always be read as zero and 
will not be connected. 


CUSTOM PATTERN 
PROGRAMMING INSTRUCTIONS 


Signetics requires that the customer supply 

them with a 2732 EPROM containing the 

} necessary data for specifying a custom ver- 

0 sion of the SCN2670. The 2732 will contain 

the data to be stored in the ROM array, the 

0 programmable line address translation ROM, 

thin graphics option and the graphics line font 

0 translation ROM. Signetics will no longer 
accept card decks. 


The memory map format for programming the 
2732 is contained in table 1. 


Bytes 0 and 1 relate to the thin line graphics 
option. Thin line graphics consists of two 
components: a vertical and a horizontal seg- 
ment. The vertical segment always occurs at 
the D4 output. The location of the horizontal 
segment (line addresses 0-15) is specified 
by the customer in byte 1. 


<«———_. FIXED 
(ALWAYS ON D4) 


ioc) D4 D8 


Bytes 2 through 17 correspond to how the 
THIN GRAPHIC asl d das graphics blocks are created from the 16 
CR ene eer et horizontal addresses. A '0' specifies no data 


for that address. Figure 5 shows an example 
of how the character field can be divided into 
the graphics blocks. The line addresses can 
be divided into a maximum of four groups. 


81 82 83 
Since line addresses A through F are not 


used, byte addresses 12 through 17 are set 


to '0'. Line addresses 0 and 1 are part of 
group 1, so byte addresses 2 and 3 are set 
equal to '1'. Line addresses 2 through 4 are in 


87 group 2, so byte addresses 4 through 6 are 
set equal to '2'. The same procedure is 
followed for the remaining line addresses. 


The group numbering assignments must be 
sequential (i.e., line address 1 cannot be in 
group 2 if line addresses 0 and 2 are in 


group 1). 


8C 8D 8E 8F 
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Figure 3. Special Graphic Characters 
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<<a 
eyned 

><> ae 


<4 
(es 


\4 


oe 


CUSTOMER SPECIFIED 
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Figure 4. Customer Specified Example 


LINE ADORESS 


=~ © 


GROUP4 


OeOnnana wp 


OF00260S 


Figure 5. Character Field Divisions 


CHARACTER 


BYTENO. 1 2 345678 FS ABCD E F 10 11 12 13 14 


LINE | LINE | LINE | Line | Line | Line | LIne | LINE | LINE 
A 


BIT 9 8 765 4321 «0 


ed 
BYTE 3 BYTE 4 


DF00270S 


Figure 6. Data Format 
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Byte Addresses 18 through 26 are used to 
indicate which line address the nonshifted 
character fonts begin and end. The first line 
of the character font must occur from line 
address 0 to 7. If the character font begins at 
line address 2, the byte addresses are set up 
as follows: 


BYTE ADDRESS DATA 
18 2 
19 3 
20 4 
21 5 
22 6 
23 7 
24 8 
25 9 
26 10 


Byte Addresses 27 through 35 are used to 
indicate which line address the shifted char- 
acter fonts begin and end. Again the first line 
of the character font must occur from line 
addresses 0 through 7. The data is entered 
the same as for the nonshifted character 
fonts above. 


Bytes 36 and 37 are only used for printouts of 
the ROM codes by Signetics. 


The remaining byte addresses (38 — 2597) 
contain the data for the 128 characters. Each 
character consists of 20 bytes. The format is 
contained in figure 6. 


Character Byte 1 (CA) contains the character 
address (CA6 — CAO). 


For character byte 2, if S/NS ='1', the char- 
acter font will begin at the shifted location as 
specified by byte addresses 27-35. If S/ 
NS = '0'", then the character font will begin at 
the nonshifted location as specified by byte 
addresses 18 - 26. 


The remaining character bytes define the 
nine line character font. The bytes are paired 
as each font line requires 10 bits of informa- 
tion to be output on lines D9 ~ DO (see figure 
6). Remember, when coding each line, D9 is. 
the rightmost bit of the character line, and DO 
is the leftmost bit. 


Printouts 

Signetics will submit the following printouts to 

the customer for approval: 

@ A repeat of all customer information. 

® A separate font drawing for each of the 
128 ROM characters and 256 graphics 
fonts. The font drawings are positioned 
on a 10x16 matrix as specified by the 
customer's translation data. 
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Customer Example Character 
A question mark has a character address of Byte 1: 3F 
3F hex. The character code for it is as 2: 00 (nonshifted) 
follows: 3: 00 4: C7 (Line 1) 
5: 00 6: 28 (Line 2) 
io ..XxXxxx 7: 00 8: 28 (Line 3) 
1 Xx... x 9: 00 A: 08 (Line 4) 
ne ae x B: 00 C: 06 (Line 5) 
S's Bae ae ee x D: 00 €: 01 (Line 6) 
14 xX F: 00 10: 01 (Line 7) 
L5 X..... 11: 00 12: 00 (Line 8) 
L6 X..... 13: 00 14: 01 (Line 9) 
L7 oe ee ee ae 
L8 boys ee OG eB a & We recommend that the character fonts be 
bt 0123456789 created with respect to the center of the 


10 x 16 character field (data bit D4) for opti- 
mum symmetry, especially if thin line graphics 
is implemented as the vertical segment is 
always located at bit D4. 


RATING UNIT 


ABSOLUTE MAXIMUM RATINGS ' 
PARAMETER 


Supply voltage 6.0 V 
Operating ambient temperature? 0 to +70 5G 
Storage temperature -65 to +150 °C 
All voltages with respect to ground? -0.3 to +6.0 V 


NOTES: 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other condition 
above those indicated in the operation section of this specification is not implied. 

2. For operating at elevated temperatures, the device must be derated based on + 150°C maximum junction 
temperature and thermal resistance of 60°C/W junction to ambient (ceramic package). 

3. This product includes circuitry specifically designed for the protection of its internal devices from the 
damaging effects of excessive static charge. Nonetheless, it is suggested that conventional precautions 
be taken to avoid applying any voltages larger than the maxima. 


DC ELECTRICAL CHARACTERISTICS 1, =0°C to 70°C, Voc = 5.0V#5% 1:29 


LIMITS 


ea 


PARAMETER TEST CONDITIONS min | Typ Max | UNIT 

Input low voltage | ae Sn 

Input high voltage — —eE 

Output low voltage eS "i = 1.6mA _ 0 ae 0.4 

Output high voltage = |” lo =-100uA Ls Se ae ae 

Input leakage current _ Vin = 90 to 4.25V FT toa 

Output leakage current Vg = 0.4 to 4V ~10 | +10 pA | 
Oo” a | ro | ma 

input capacitance - AI other pins grounded a 

Court Output capacitance be ee a pF 
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AC ELECTRICAL CHARACTERISTICS 1, = 0°C to 70°C, Voc = 5.015% 12:94 


PARAMETER 


AS 
CA 
LA 


tc Character address set-up 
tcAH Character address hold 
t Character select access | 


t 


Line select access 


. tse Chip select delay 


topes Chip deselect delay 
tsc Special character blank/unblank time 


NOTES: 

1. Parameters are valid over operating temperature range unless otherwise specified. 

2. All voltage measurements are referenced to ground. All time measurements are at the 0.8V or 2.0V level for inputs and outputs. Input levels are OV and 2.4V. 
3. Typical values are at + 25°C, typical supply voltages and typical processing parameters. 

4. Test conditions: C, = 100pF and 1 TTL load. 
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TIMING DIAGRAMS 


LSTROBE 


-_ —t 


WF04170S 


NOTE: 
1. When GM = 1, SCD input is inactive. 


CA0-CA7, GM 


CSTROBE 


—— tse, +—— toes 


OUTPUTS ACTIVE — 


WF04180S 


OUTPUTS THREE-STATE 


NOTE: 
1. CA7 operates as output enable only in character mode (GM = 0). 
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Programmable Keyboard and Communications Controller (PKCC) 


Product Specification Originally published by Signetics February 1985 


DESCRIPTION FEATURES PIN CONFIGURATION 


The Signetics SCN2671 Programmable 
Keyboard and Communications Control- 


e Keyboard Interface 
- Contact or capacitive keyboard 


ays [1 | 


ler (PKCC) is an MOS LSI device which - Up to 128 keys on an 8x 16 [20] Voc 
provides a versatile keyboard encoder matrix Kpres [2 | 35] Axo 
and an independent full duplex asyn- - Encoded or unencoded Kok [3] (38) to 
chronous communications controller. It operation Kea [7] 37] xa wercik 
is intended for use in microprocessor - Four code levels per key Kool ie 
based systems and provides an eight bit - Latched key option-separate eee 13) axc 
data bus interface. depress and release codes Kot faa) txc 
The keyboard encoder handles the ~ fel ceaie Stal Fale-ane | es = 2 
scanning, debounce, and encoding of a eo ee Kar[S] [32] A1 
keyboard matrix with a maximum of 128 =r carammabe Jouover: modes KRO Fat [37] Ao 
keys. It provides four levels of key en- 7 es auto-repeat 105 aepeaTtial oe [30] Ce 
coding corresponding to the separate sa aaa we frequencies Smit (12) 38] AD 
SHIFT and CONTROL input combina- CONTROL Ta [28] wa 
tions. Four keyboard rollover modes can ® Asynchronous COmmUEA On. tone [ia] [27] iNT 
be programmed including provisions for interface ee 
up to 16 latched keys. Control outputs - Internal baud rate gener ator-16 wren a 
are provided for interfacing with contact rates | ae o calaes 
or capacitive keyboards. An eight bit - Full duplex operation | ov Li pa we | 
keyboard status register provides status - Detection of start and end of ss 8) =e | 
information to the CPU. meen os ft Pa Inve | 
- Programmable break generation Vsg [20] (21) xiNTR 
The receiver section of the communica- - Programmable character a 
tions controller accepts serial data from parameters ee 
data characters. peacoat the loopback modes rr 
transmitter section accepts para e data © Polled or interrupt operation CORNER, é 
from the data bus and outputs serialized A Pieces 
data onto the TxD pin. Received data is ° Interrupt priority controller and 7 | 
checked for parity and framing errors, vector generator | 
and break conditions are flagged. Char- © Operates directly from crystal or | | 
acter lengths can be programmed as 5, external clocks | | 
6, 7, or 8 bits not including parity, startor e TTL compatible | Dee ste eee i 
stop bits. An internal baud rate genera- Singie + 5 volt power supply sopview. 
tor (BRG) with 16 divider ratios can be ; eae 
used to derive the receive and/or trans- Pin Function Pin Function 
mit clocks. The BRG can accept an APPLICATIONS : HYS a ve 
external clock or operate directly froma ° CRT terminals > ee a 2 
crystal. An eight bit communications sta- ® Hard copy terminals 5 KES 27 D6 
tus bc provides status information @ Word processing systems ae 39 NTA | 
: A 8 KCO 30) WER 
to the CPU @ Data entry terminals ote RD 
e Smaii business computers. Rt a 
34 NC 
35 = AN 
37) Tx 
38 FRx 
39° XTALt 


XTALE/BRCLK 


Ted 
Rx 
NC 

Voc 
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ORDERING CODE 
a PACKAGES 


Ceramic DIP 


Voc = 5Vt5%, Ta =0°C to 70°C 
SCN2671AC1140 


Plastic DIP SCN2671AC1N40 
& Plastic LCC | SCN2671AC1A44 


BLOCK DIAGRAM 


DATA ma 
p0-087 CD BUS BUFFER eee KEYBOARD ENCODER BEPEDT. 
KCLK 
MODE TIMING | | [-———-———-e KORES 


CONTROL 


OPERATION CONTROL 


RD 
wa . an | 
—s 4 4 AEP KCO-KC3 
CE -— H KevBOARD 
, E SCANNER | 
pee KRET 
f eNcoDER § 
A0-A2 | DECODER 
COMMAND DECOOER q  KRO-KR2 
Se ee { 
' 
SHIFT 
i See cts 
" CONTROL 
XINTR INTERUPT CONTROL | 
& 
teh VECTOR GENERATOR A ee 
INTA 
INTR = | KEYBOARD 
R DATA : 
| recsTer | 
Veo ma KEY MOLOING 
GNO —-—> REGISTER 
TONE 
TIMING GENERATOR 9 fp CONE 
BAUD RATE 
GENERATOR 
. Tx. « 
nC BAUD RATE 
CONTROL a 
REGISTER ANSMITTER 
TRANSMIT ; 
HOLDING REGISTER =f 
TRANSMIT ins yas 


SHIFT REGISTER 


NT AL TBR nner ee 
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RECEIVER 


RECEIVE 


INTERRUPTS d 
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Programmable Keyboard and Communications Controller (PKCC) SCN2671 


PIN DESCRIPTION 


MNEMONIC Ra. [Tee NAME AND FUNCTION 


DO - D7 16-19,/1/O | Data Bus: 8-bit three-state bidirectional data bus. All data, command and status transfers are made using | 
23 - 26 this bus. DO is the least significant bit; D7 is the most significant bit. 
AO - A2 31-33 | | Address Lines: Used to select internal PKCC registers or commands. 
RD 29 Read Strobe: When low, gates the selected PKCC register onto the data bus if CE is also low. 
WR 28 | seg Strobe: When low, gates the contents of the data bus into the selected PKCC register if CE is also 
ow. 
CE 30 | Chip Enable: When high, places the DO - D7 output drivers in a three-state condition. lf CE is low, data 


transfers are enabled in conjunction with the RD and WR inputs. 


INTR 22 O Interrupt Request: Several conditions may be programmed to request an interrupt to the CPU. It is an 
active low open-drain output. This pin will be inactive after power on reset or a master reset command. 


INTA 27 | Interrupt Acknowledge: Used to indicate that an interrupt request has been accepted by the CPU. When 
INTA goes low, the PKCC outputs an 8-bit address vector on DO - D7 corresponding to the highest priority 
interrupt currently active. 


XINTR 21 i External interrupt: An active low external interrupt input to the PKCC interrupt priority resolver. 


TxC 34 I/O | Transmitter Clock: The function of this pin depends on bit 7 of the baud rate control register (BRR7). If 
external transmitter clock is selected (BRR7 = 0), it is an input for the transmitter clock. If internal 
transmitter clock is selected (BRR7 = 1), this pin is an output which is a multiple of the actual baud rate (1X, 
16X) as selected by BRRS5. The data is transmitted on the falling edge of TxC. It is an input after power on 
and after master reset or communications reset commands. 


RxC 35 1/O | Receiver Clock: The function of this pin depends on BRR6. If external receiver clock is selected 
(BRR6 = 0), it is an input for the receiver clock. If internal receiver clock is selected (BRR6 = 1), this pin is 
an output which is a multiple of the actual baud rate (1X, 16X) as selected by BRR4. The received data is 
sampled on the rising edge of RxC. It is an input after power on and after master reset or communications 
reset commands. 


TxD 38 O Transmitter Data: This output is the transmitted serial data; t.1e least significant bit is transmitted first. This 
pin is high after power on reset or a reset command that affects the transmitter. 


RxD 39 | Receiver Data: This input is the serial data input to the receiver. The least significant bit is received first. 
XTAL1, 36,37 | Connections for Crystal: Provides an on-chip clock generator for the internal baud rate generator and the 
XTAL2/BRCLK keyboard interface logic. If an external clock is provided, use XTAL2 as the clock input. See figures 20 and 


21. All timing parameters such as keyboard scan time, tone frequency, and baud rate assume a clock input 
at the specified BRG input frequency. If this frequency is different the timing parameters will vary 


proportionately. 

KRO —- KR2 10-8 | O Keyboard Row Scan: Decoded externally; selects one of eight rows. 

KCO -KC3 7-4 O Keyboard Column Scan: Decoded externally; selects one of 16 columns. 

KRET 15 | Key Return: An active high level indicates that the key being scanned is closed. 

SHIFT 12 | SHIFT Key: Active low input from the SHIFT key. The combination of SHIFT and CONTROL inputs select 
one of four possible codes from the internal key encoding ROM. 

CONTROL 13 | CONTROL Key: Active low input from the CONTROL key. The combination of SHIFT and CONTROL | 
inputs select one of four possible codes from the internal key encoding ROM. . 

REPEAT 11 | REPEAT Key: Active low input from the REPEAT key. Causes the key depression currently active to be 
repeated at a rate of approximately 15 times per second. 

KCLK 3 O Keyboard Clock: High frequency (approximately 400kHz) output used to scan capacitive keyboards. 

KDRES 2 O Key Detect Reset: Resets the analog detector before scanning a key. Used for capacitive keyboards. 

HYS 1 O Hysteresis Output: Sent to the analog detector for capacitive keyboard applications. A low indicates the 
key currently being scanned has been recognized on previous scan cycles. 

TONE 14 O Square Wave Output: Used for tone generation. 

Voc 40 | +5V power supply. 

Vss 20 | Ground. 
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The:PKCC has an interrupt mask register to 
selectively enable certain keyboard and com- 
munications status bits to generate interrupts. 
Priority encoded interrupt vectoring is avail- 
able. Upon receipt of an interrupt acknowl- 
edge, an interrupt vector will be output on 
D0 ~ D7 reflecting the source of the interrupt. 
The,interrupt source can also be read from an 
intefrupt status register. 


4 Ce 


FUNCTIONAL DESCRIPTION 
The,PKCC consists of six major sections (see 
block diagram). These are the transmitter, 
receiver, timing, operation control, keyboard 
encoder, and a priority encodéd interrupt 
control unit. These sections communicate 
with each other via an internal data bus and 
an internal control bus. The internal data bus 
interfaces to the microprocessor data bus via 
a bidirectional data bus buffer. 


Operation Control 

This functional block stores configuration and 
operation commands from the CPU and gen- 
erates appropriate signals to various internal 
sections to control the overall device opera- 


tiors It contains read and write circuits to — 


permit communications with the microproces- 
sor,.via. the data bus and contains mode 
registers KMR and CMR, the command de- 


coder, and status registers KSR and CSR. 


Details. of operating modes and status infor- 
mation are presented in the Operation sec- 


tion: of this data sheet. The register address- 


ing is specified in table 1. 


Timing 

The PKCC contains a baud rate generator 
(BRG) which is programmable to accept ex- 
ternal transmit or receive clocks or to divide 
an éxternal clock. to perform data communi- 
cations. The unit can generate 16 baud rates, 
any’ of which can be selected for full duplex 
operation. The external clock to the baud rate 
generator can be applied directly to the 
XTAL2 input (see figure 21) or can be gener- 
ated internally by connecting a crystai across 
the: XTAL1, XTAL2 input pins. The clock input 
is also utilized by the keyboard encoder 
section. Thus, a clock must be provided even 
if external transmitter and receiver clocks are 
used. 


Receiver 

The receiver accepts serial data on the RxD 
pin, converts this serial input to parallel for- 
mat, checks for break conditions, framing and 
parity errors, and loads an ''assembled" 
character in the receive holding register for 
access by the CPU. 


Transmitter 

The transmitter accepts parallel data loaded 
by the CPU into the transmit holding register 
and converts it to a serial bit stream framed 
by the start bit, calculated parity bit (if speci- 


casper 
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Table 1. REGISTER ADDRESSING 
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NOTE: 
X= don't care. 


fied), and stop bit(s). The composite serial 
stream of data is transmitted on the TxD 
output pin. 


Keyboard Encoder 

The keyboard encoder provides encoded 
scanning signals for a matrix keyboard. Key 
depressions are detected on the KRET input. 


The debounced and verified key codes (or 


matrix. addresses) are loaded into the key 
holding register for access by the CPU. Fig- 
ures 1 and 2 illustrate the PKCC interface to 
contact and eapacive Koynontes respec- 
tively. 


Interrupt Control! 


‘ The interrupt controller unit contains a soft- 


ware programmable interrupt mask register 


_which selectively enables status conditions 


from the keyboard encoder and communica- 
tion controlier to generate interrupts. The 
interrupts are priority encoded and individual- 
ly generate an eight bit vector which is output 
on the data bus in response to a CPU 
interrupt acknowledge on the INTA input pin. 


OPERATION 


Keyboard Encoder 

The keyboard is continuously scanned by 
KCO-KC3 and KRO-KR2 which are de- 
coded externally to handle 128 possible keys 
(see figures 1 and 2). KCO-KC3 select one 
of 16 columns and KRO-KR2 multiplex the 
eight row return lines into the KRET pin. 
Debouncing is accomplished by remembering 
a 1 state at the KRET pin when a key is being 


- addressed and verifying it one scan later. 


Once the key is verified, a key code is loaded 
into the keyboard data register (KDR). If the 
keyboard holding register (KHR) is empty, the 
contents of the KDR will be transferred to the 
KHR immediately; if the KHR is full (i.e., the 
CPU has not read the previous key code), the 
transfer will be held off unti! the KHR is read. 
The data transfer to the KHR causes key- 


FUNCTION 


Three-state data bus 
Reset command (see table 6) 
Read interrupt status register (ISR) 

WR | Read/write communications mode register (CMR) 
Write transmit holding register (TxHR) 
Read receiver holding register (RxHR) 
Write baud rate mode register (BRR) 
Read communications status register (CSR) 
Read/write interrupt mask register (IMR) 
Read/write keyboard mode register (KMR) 
Read keyboard holding register (KHR) 
Read keyboard status register (KSR) 
Miscellaneous commands (see description) 


board data ready (KRDY) to be set in the 
keyboard status register. 


For capacitive keyboards, the high frequency 
output KCLK can be used to gate the column 
scan to the keyboard (see figure 2). The key 
detector reset (KDRES) output resets the 
analog detector prior to scanning each key 
location. The output from the analog multi- 
plexer is sensed and then latched in the 
analog detector. The HYS output controls the 
sense level. A 0 will lower the sense level 
causing hysteresis, and a 1 will raise the 
sense level with no hysteresis. 


The REPEAT input enables the keyboard 
logic to recognize any key repeatedly, 15 
times per second. Additionally, certain keys 
can be programmed to repeat automatically if 
depressed for more than one-half second. 


A square wave is output on the TONE pin 
when the CPU issues a ring tone command to 
the PKCC. 


Keyboard Mode Register 

Operating modes are selected by program- 
ming the keyboard mode register (KMR), see 
figure 3. Bit KMR7 is used for testing the 
device. For normal operation, this bit should 


_always be written to a 0. Bits KMR6 —- KMR5 


select the rollover modes for keyboard pro- 
cessing: 


N-key Rollover: In this mode, the code 
corresponding to each key depression is 
loaded into the KDR as soon as that key is 
debounced, independent of the release of 
other keys. Two or more closures occurring 
within one scan cycle are considered to be 
simultaneous, which will set keyboard error 
in the keyboard status register (KSR1). As 
soon as the keyboard holding register is 
empty, the code in the KDR is transferred to 
the KHR and the KRDY status bit is set 
(KSRO). 


N-Key Rollover With Latched Keys: This 
mode is the same as regular N-key rollover, 


Programmable Keyboard and Communications Controller (PKCC) 


Sonia muctipexer 


1 OF 16 16 


ReS-KCD DECODE] COLUMNS 


CONTACT 
KEYBOARD 
MATRIX 


AFO0280S 


Figure 1. Contact Keyboard Interface 


ANALOG 


ANALOG MULTIPLEXER 


8 ROWS 
1 OF 16 
DECODE | 16 COLUMNS 
KC3-KCO 


CAPACITIVE 
KEYBOARD 
MATRIX 


Figure 2. Capacitive Keyboard Interface 


except that the keys which are assigned to when depressed and when released. The 
codes are independent of the states of the 


row O of the keyboard matrix 


(KR2—KRO=000) produce a code both inputs at SHIFT and CONTROL. If one or 


SCN2674 


more of the latched keys are depressed. 
when the keyboard is enabled (after a key- 
board reset), the corresponding codes will 
be sent out as the keys are scanned and 
debounced. Note that simultaneous latched 
keys will not set KERR (KSR1) and that 
latched keys will not be auto-repeat and will 
not be affected by the REPEAT input, 


Two-Key Rollover: The first key code is 
loaded into the KDR immediately and the 
second code is loaded only after the ‘first 
key is released. Simultaneous keys will set 
KERR (KSR1), if three or more keys remain 
closed at any given time, the KERR bit’ will 
also be set. All keys must then be released 
before the next KRET will be processed. 


Two-Key Inhibit: All keys must be released 
between keystrokes; otherwise, KERR 
(KSR1) will be set. 


Bit KMR4 specifies the key encoding mode. 
Each key is assigned four 8-bit codes, corre- 
sponding to the states of the SHIFT and 


CONTROL inputs. If the encoded mode is 


programmed, the row/column address of.the 
detected key is used to load one of the four 
key codes into the KDR. See table 2 for key 
code assignments. If the non-encoded mode 
is programmed, the row/column address is 
loaded directly into the KDR with the follow- 
ing format: 


van 1, ERO 


KC3, KC2, KC1, KCO 


“0” for momentary keys 
“1" for latched keys release 
“O" for latched keys depress 
AF00300S, 
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Table 2. STANDARD KEY CODES (HEX) 


ROW (KR2-KRO) 


COLUMN 
(KC3 - KCO) 


%o 
5 
% 
5 
2 «= & 
36 «G 
2¢«C«@ 
36 «6 
27 3C 
377 2C 
27 3C < 
37.7 20. CO, 
28 O( 3E > 
382i 2eCO«( 
28 ( 3E > 
38 0—s«#B 2eC« 
29—Ci«C) 3F iti? 
39 «9 oF 
29) 3F iti? 
39 «9 2Fs/ 
37.7 30 0 
37. —CO 30 0 
37.7 30 0 
37.7 30 0 
38 —ts«#B 
38 «iB 
380 «#B 
38 s«#B 
39 «9 
39 «9 
39 «9 
39 «9 
90 
90 
90 
90 


SHIFT (Pin 12 = 0) 


This row contains the 


(Pin 13 = 0) 
latched : <a Latched key code for release 


keys when that mode is se- Maheed Key Cots for depres 


lected AG 
(KMR6, KMRS5 = 00) Key codes in hex ASCH equivalent (if any) 
* indicates Auto-Repeat keys 


TBO0320S 
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TEST MODE a 


1 ENABLE 
0=DISABLE 


ROLLOVER MODES 
00 =N-KEY WITH 
LATCHED KEVS 
01 =N-KEY 
10=TWO KEY 
11=TWO KEY 
INHIBIT 


0 ENCODED 
KEYBOARD 

1=NON ENCODED 
KEYBOARD 


Bit KMR3 enables the auto-repeat mode. in 
this mode, if a key that is programmed for 
auto-repeat is depressed for longer than one- 
half second, the key code will be loaded into 
the KDR approximately 15 times per second 
until that key is released. Only the non-contra! 


= 1. Table 2 specifies the auto-repeat keys. 


KMR2 and KMRi1 select the key matrix size 
and debounce time (scan rate). The keyboard 
row outputs (KR2, KR1, KRO) always scan 
from 0 to 7. The column outputs (KC3, KC2, 
KC1, KCO) scan from 0 to 15 for a 128 key 
matrix and from 0 to 9 for an 80 key matrix. 


KMRO selects between a 1kHz and 2kHz 
frequency to be output on the TONE pin in 
response to a ring tone command. 


Keyboard Status Register 

The keyboard status register (KSR) provides 
operational feedback to the CPU. Its format is 
illustrated in figure 4. 


KSR7, 6 and 4 reflect the state of the inputs 
at the corresponding pins. CONTROL and 
SHIFT are latched at the time the key is 
accepted. As the verified codes are loaded 
into the KDR, the corresponding states of 
CONTROL and SHIFT are loaded into the 
KSR. REPEAT is updated on every matrix 
sample. The status bits are the complements 
of the input levels. 


STALL PE ARRIOLA A ETI 


Figure 3. Keyboard Mode Register Format 


SHIFT LOCK 


REPEAT 


TONE SELECT 
O=1 kHz 
1=2 kHz 


AUTO REPEAT 
0=DISABLE 
1 ENABLE 
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Figure 4. Keyboard Status Register Format 


KSR5 reflects the state of the internal shift 
tock flag which is controiled by the set/reset 
shift lock commands. 


KSR3 indicates that the keyboard controller is 
enabied. It is controlied by the set/clear 
keyboard enable command. 


Keyboard overrun (KSR2) is set when both 
the KHR and KDR are full and a third key is 
validated. The original content of the KHR is 
preserved and the content of the KDR is 
overwritten with the new key code. This bit 
can be specified (by IMR1) to generate an 
interrupt and is cleared by the reset com- 
mand with D2 = 1. 


3 LORE IEEE. STS ID OORT “ATTEN 


VA reer ty Ra Or PRI PRT ar ramen ALY teresa Rae? Menem 


Keyboard error (KSR1) is set when the opera- 
tor depresses more keys than are allowed in 
the selected rollover mode, or when keys are 
depressed simultaneously (within one scan 


cycle). This bit can be specified (by IMR3) to 


generate an interrupt and is cleared by the 
reset command with D1 = 1. 


Keyboard data ready (KSR0) is set when the 


key code or address is transferred from the — 


KDR to the KHR. This bit can be specified (by 
IMR2) to generate an interrupt. it is cleared 
when the CPU reads the KHR. 
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Communications Controller 

The communications controller section of the | 
PKCC comprises a full duplex asynchronous 
receiver/transmitter (VART) with a baud rate 
generator. Registers associated with these 
elements are the communications mode reg- 
ister (CMF), the baud rate control register 


Operating mode PGreisaiay length 


(BRR), and the communications status regis- 00 = Normal 00=8 
ter (CSR). 7 01 = Auto echo 01=5 

; 10 = Local loopback 10=6 
Receiver 


11. = Remote joopback 11=7 


The receiver accepts serial data on the RxD 
pin, converts the serial input to parallel for- 
mat, checks for start bit, stop bit, parity bit (if | 
any), or break condition, and presents the 
assembled character to the CPU. The receiv- 
er looks for a high to low (mark to space) 
transition of the start bit on the RxD input pin. 
if a transition is detected, the state of the RxD 
pin. is sampled again after a delay of one half 
of the bit time. If RxD is then high, the start bit. 
is invalid and the search for a valid start bit 

- begins again. if RxD is still low, a valid start bit - 
is assumed and the receiver continues to . 
sample the input at one bit time intervals at | a new character is not available in the trans- | the CMR must be updated within n—-1 bit times 
the theoretical center of the bit, until the mit holding register (TxHR), the TxD output of the receipt of that character's start bit. To 
proper number of data bits and the parity bit remains high and the TxEMT bit in the CSR affect a transmitted character, the CMR must 
(if any) have been assembled, and one'stop will be set to 1. Transmission resumes and be updated within n—1 bit times of transmitting 
bit has been detected. The least significant . the TxEMT bit is cleared when the CPU loads __ that character's start bit. (n = the smaller of 
bit is received first. The data is then trans- anew character into the TxHR. The transmit- the new and old character lengths). 
ferred to the receive holding register (RxHR) — ter can be forced to send a continuous low 
and the RxADY bit in the CSR is set to a1. If condition by a transmit break command. 
the character length is less than eight bits, 
the most significant unused bits in the RxHR 
are set to zero. 


Parity O = Two stop bits 
0 = Odd/force 0 1 = One stop bit 
1 = Even/force 1 
eS Parity mode 
00 = With parity 
01 = Force parity 
10 = No parity 
11 = Not allowed 
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‘Figure 5. Communications Mode Register Format 


The UART can operate in one of four modes, 
as illustrated in figure 6. The operating modes 
lf the transmitter is disabled, it continues are selected by bits CMR7 and CMR6, which 
operating until the character currently being should only be changed when both the trans- 
transmitted is completely sent out. mitter and receiver are disabled. CMR7- 


‘Communication Mode Register  CMR6=00 Is the normal mode, with the 

f ; es transmitter and receiver operating indepen- 

.. Figure 5 illustrates the bit format of the CMR, dently. CMR7-CMR6 = 01 places the UART 
which controis the operational mode of the y: p 


: otto in the automatic echo mode, which automati- 
communications controller and the character ‘ : 
cally retransmits the received data. The fol- 


After the stop bit is detectad, the receiver will 
immediately look for the next start bit. Howev- 
er, if a non-zero character was received 
without a stop bit (i.e. framing error) and RxD 
remains low for one half of the bit period after 


the stop bit was sampled, then the space is paleneiels: lowing conditions are true while in automatic 
interpreted as a start bit. Bits CMR1 —- CMRO select a character length echo mode: 

._ of 5,6, 7, or 8 bits. The character length does 1. Data assembled by the receiver is auto- 
The parity error, framing error and overrun AGF include the parity, start, or stop bits. matically placed in the transmit holding 


error (if any) are strobed into the CSR at the 


received character boundary. If a break con- | CMR2 selects the transmitted character fram- saul and retransmitted on the TxD 
gition:S Gotocied (xD: Stow noe the entire ing as one il two stop bits. he roceNer 2. se rapeNe clock is used for the trans- 
character including the stop bit) only one always checks for one stop bit. paittee: 

character consisting of all zeros will be vans: The parity format is selected by bits CMR4 3. The receiver must be enabled, but the 
ferred to the RxHR and the received break bit 444 CMR3. If parity or force parity is selected, transmitter need not be enabled. 

in the CSR bs set to 1 (RxRDY is not set when a parity bit is added to the transmitted charac- 4. Status bit TxRDY is not set. TxEMT 
a break is received). The RxD input must ter and the receiver performs a parity check operates normally. 

peesiny 1os2 ie) Coneimon (OF one DU Ne ~on incoming data. CMRS5 selects odd or even 5. The receiver parity is checked, but is not 
before a search for the next start bit begins: | parity and determines the polarity of the parity regenerated for transmission, i.e., trans- 
Transmitter bit in the force parity mode. mitted parity bit is as received. 


ane aneniies accep paralle) Gala from the The bits in the mode register affecting char- ss ony ihe Wet cuelacier ous ereak cond 
CPU and converts it to a serial bit stream on : ' tion is echoed; the TxD output will go high 
he TxD in. | ically sends ied aesemhly end. dlsessemhly until the next received character is as- 
the TxD output pin. It automatically sends a (y4R5 — CMRO) can be changed dynamically 

start bit followed by the data bits, an optional semblied. 

parity bit, and the programmed number of 7. CPU to receiver communication contin- 
stop bits. The least significant bit is sent first. ues normally, but the CPU to transmitter 
Following the transmission of the stop bits, if link is disabled. 


and affect the characters currently being 
assembled in RxSR and transmitted by TxSR. 
To affect assembly ‘of a received character, 
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7 TRANSMITTER : 
‘ RECEIVER : 


(a) 


: | 
MICRO. 
COMPUTER | 
SYSTEM 
gis 


MICRO. 
COMPUTER 
SYSTEM 


(b) 


TRANSMITTER 


MICRO- 
COMPUTER 
SYSTEM 


RECEIVER 


(c) 


| TRANSMITTER } 


RECEIVER 


MICRO. 


COMPUTER 
SYSTEM 


(d) 


NOTES: 

(a) Normai operating mode. 
(b) Automatic echo mode. 
(c) Local loopback mode. 
(cd) Remote loopback mode. 


Figure 6. Operating Modes of the 


EXTERNAL 


DEVICE 


EXTERNAL 


DEVICE 


EXTERNAL 


DEVICE 


2671 UART 


EXTERNAL 
DEVICE 
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Two diagnostic modes can also be config- 

ured. In local loopback mode (CMR7- 

CMR6 = 10): . 

1. The transmitter output is internally con- 
nected to the receiver input. 

2. The transmit clock is used for the receiv- 
er. 

3. The TxD output is held high. 

4. The RxD input is ignored. 

5. The transmitter must be enabled, but the 
receiver need not be enabied. 

6. CPU to transmitter and receiver commu- 
nications continue normally. 


The second diagnostic mode is the remote 
loopback mode (CMR7-CMR6 = 11). In this 
mode: 

1. Data assembled by the receiver is auto- 
matically placed in the transmit holding 
register and retransmitted on the TxD 
output. 

2. The receive clock is used for the trans- 
mitter. 

3. No data is sent to the local CPU, but the 
error status conditions (parity and fram- 
ing) are set if required. 

4. The received parity is checked, but is not 
regenerated for transmission, i.e., trans- 
mitted parity bit is as received. 

5. The receiver must be enabled, but the 
transmitter need not be enabled. 


Baud Rate Control Register 

The baud rate control register (BRR) controls 
the frequency generated by the baud rate 
generator (BRG) and the clock source used 
by the receiver and transmitter. Its format is 
illustrated in figure 7. ; 


BRR3 —- BRRO select one of sixteen frequen- 
cies to be generated by the BRG. See table 3. 


BRR7 and BRR6 select the source of the 
transmit and receive clocks. If external clocks 
are chosen, (BRR7 =0 or BRR6 = 0), then 
the clock rate factor is determined by BRR5 
and BRR4. The external clock input(s) should 
be the desired baud rate multiplied by the 
clock rate factor. 


If internal clock(s) are specified, (BRR7 = 1 or 
BRR6 = 1), the clock is supplied by the inter- 
nal baud rate generator at the selected baud 
rate. The clock rate factor for internally gener- 
ated clocks is always 16. Pins 35 and 34 
become outputs for transmit or receive 
clocks, respectively. See table 4 for the 
description and selection of these outputs. 
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BRR 


Tx Clock source | | Baud rate select— See tabie 3 
O = External 


1 = Internal (@RG) 


Rx Ciock source —~—~— Clock rate factor for external 
Oo = External clocks 
1 = Internal (BRG) OO = 16X 
O01 = 32X 
10 = 64X 


ti = 1X 
| For internal clocks these 
bits specify the output 
frequency on pin 34 and 
pin 35. See table 4. 
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Figure 7. Baud Rate Control Register Format 


are tmianenet sm eminnr es neansnsemennt mnt peice aan ne etme tet enn nares A aseniemeetnen Pe et even mamnstneriterectarmsrmmerre nesses eter eneasarienn meseanpt same nteran ran ttaapnan nansAeraenr eam mAieertainittintt armen 


ACTUAL 
BARS-0 FREQUENCY pained DIVISOR 
16X CLOCK 

0000 08 kHz : 6144 
0001 1.7598 -0.01 2793 
0010 2.152 ~ 2284 
0011 24 ‘ 2048 
0100 3.2 : 1536 
0101 48 a 1024 
0110 9.6 2 512 
O11 46.8329 +0.20 292 

| 4000 192 ‘ 256 
1001 28.7438 -0.20 171 
4010 31.9168 -0.26 154 
1011 38.4 : 128 
1190 76.8 : 64 
1101 153.6 “ 32 
17110 307.2 _ 16 
W414 614.4 : 8 
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Table 4. BAUD RATE CONTROL REGISTER 


SCN267 1 


CLOCK SOURCE PIN FUNCTIONS 


“ab PIN 


35 


PIN 


BRR3 - BRRO 
BAUD RATE SELECTION 


RxC 
1X 
RxC 
1X 
16X 
1X 
16X 


The baud rates are 
listed in table 3. 


NOTES: 

1. ** =Clock rate factor for external clocks: 00 = 16X 
01 = 32x 
10 = 64X 


14 =4x 


. E = External clock. 


. 1X and 16X are clock outputs at 1 or 16 times the actual baud rate. For receive, the 1X output is the actual data sample clock. 
. BRR7-BRR6=01 or 10 not permitted in automatic echo or remote loopback modes unless BRR5—- BRR4 = 00. 


2 
3. | = Internal clock (BRG). 
4 
5 


Communications Status Register 
Figure 8 illustrates the bit format of the 
communications status register (CSR), which 
provides UART status to the CPU. 


Receiver ready (CSRO) indicates that a re- 
ceived character is assembled and _ trans- 
ferred to the RxHR and Its ready to be read by 
the CPU. This bit can be specified (by IMRO) 
to generate an interrupt and is reset by 
reading the RxHR. 


Transmitter ready (CSR1) indicates that the 
TxHR is empty and ready to be loaded with a 
character. This bit will be cleared when the 
TxHR is loaded and has not yet transferred 
the character to the transmit shift register 
(TxSR). TxRDY is reset when the transmitter 
is disabled. It will be set when the transmitter 
is enabled, provided that no data was loaded 
into the TxHR during the time the transmitter 
was disabled. This bit can be specified (by 
IMR7) to generate an interrupt. 


Transmitter empty (CSR2) indicates that the 
transmitter has underrun, i.e., both the TxHR 
and TxSR are empty. This bit can only be set 
after transmission of at least one character, 
and is cleared when the TxHR is loaded by 
the CPU. TxEMT is reset when the transmitter 
is disabled. This bit can be specified (by 
IMR6) to generate an interrupt. 


CSR3 will be set when the PKCC receives a 
command to transmit a break. This bit will be 
cleared after the break is completed. 


Received break (CSR4) indicates that an all 
zero character of the programmed length has 
been received without a stop bit. Breaks 
originating in the middle of a received charac- 
ter can be detected. This bit is cleared when 


Parity sien 


Framing error -——————— 


Overrun error 


Received break 


RxD returns to a high state for at ieast one bit 
time. 


Receiver overrun (CSRS5) indicates that the 
previous character in the RxHR has not been 
read by the CPU and that a new character 
has been loaded into the RxHR. This bit is 
cleared by a reset command with D3 = 1. 


Framing error (CSR6) indicates that the stop 
bit has not been detected. The stop bit check 
is made in the middie of the first stop bit 
position. This bit is cleared by a reset com- 
mand with D3 = 1. 


Parity error (CSR7) indicates that a character 
was received with incorrect parity when ‘with 
parity’ or ‘force parity’ is enabled. This bit is 
cleared by a reset command with D3 = 1. 


interrupt Controller 

The SCN267i contains a maskable interrupt 
status register (ISR) which can be enabled to 
generate an active low interrupt request on 


the INTR output. The eight interrupt condi- 


Figure & Communications Status Register Format 


[ RxRDY 
TxRDY 


TxEMT 


——-—____—___—_——- Transmit break 


AFO0350S 


‘tions in the ISR are individually enabled by 


writing a 1 into the corresponding bit of the 
interrupt mask register (IMR). 


Each of the interrupt conditions is assigned a 
priority and a vector. When an enabled ISR 
bit is set, the SCN2671 asserts the INTR 
output. If the CPU activates the INTA input, 
the SCN2671 responds by placing the corre- 
sponding 8-bit vector on the data bus 
(D7 —- DO). If multiple interrupts are pending, 
the vector corresponds to the condition with 
the highest priority. The interrupt will persist 
until all pending interrupt conditions are 
cleared. 


The iSR can also be polled by reading at 
address A2-A0O = 000. All pending interrupt 
conditions which are enabled by the IMR will 
be read independent of priority. 


The bit assignments of the ISR and IMR and 
corresponding vectors and priorities are listed 
in table 5. 
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Table 5. INTERRUPT MASK REGISTER (IMR) AND INTERRUPT STATUS REGISTER (ISR) 


BIT IN INTERRUPT 
IMR/ISR CONDITION 
IMRO/ISRO RxRDY 
IMR1/ISR1 KOVR 
IMR2/ISR2 KRDY 
IMR3/ISR3 KERR 
IMR4/ISR4 XINT! 
IMR5/ISR5 ABREAK2 
IMR6/ISR6 TxEMT 
IMR7/ISR7 TxRDY 


NOTES: 


PRIORITY 


BINARY 


11001111 
11010111 
11011111 
11100111 
11101111 
11110111 
11000111 
11000111 


GDBnNOOA WN — 


1. XINT is an input from an external interrupt source, active low (pin 21). 
2. ABREAK refers to the change of a received break condition. 


610@SET RxE 

011=RESET RxE 

100=SET TxE 

101=RESET TxE 

110=SET TxE AND RxE 
111=COMMUNICATIONS RESET 


BREAK DETECT CHANGE 
RESET 


COMMANDS 

In addition to the control exercised by pro- 
gramming of the PKCC control registers, 
several functions can be performed by exe- 
cuting command operations. There are two 
classes of commands which are initiated by 
writing to the SCN2671 at address 
A2 — AO = 000 (reset command) and address 
A2-A0=111 (miscellaneous commands). 
Individual commands are specified by the bit 
pattern on the data bus (D7 — D0). 


Reset Commands 

The reset command bit format is illustrated in 
figure 9 and the detail command descriptions 
are given in table 6. 
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Figure 9. Reset Command Format 


A reset command with D7 - DO = 111XXXX1 
is a master reset for the SCN2671. This 
command must be given following a power on 
condition to release the internal power on 
reset latch which deactivates the SCN2671 
on power up. 


Miscellaneous Commands 
The miscellaneous command format is illus- 
trated in figure 10. 


The transmit break commands force a break 
(steady low output) on the TxD pin immedi- 
ately or after the character in the TxSR (if 
any) is transmitted. A timed break lasts for 
approximately 200ms, and a character break 
lasts for one character time including parity 
and stop bit time. In either case, TxRDY 


VECTOR ON D7-D0 


—_—— RESET 

KERR RESET 

KOVR RESET 
COMMUNICATIONS ERROR 


CONDITION RESET BY: 


Read RxHR 

Reset CMD (D2 = 1) 
Read KHR 

Reset CMD (D1 = 1) 
External 

Reset CMD (D4 = 1) 
Load TxHR 

Load TxHR 


RESET 
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(CSR1) will be set at the beginning of the 
break which can be extended indefinitely (by 
200ms or one character time increments) by 
reasserting the command in response to 
TxRDY. Note that these commands reset 
TxRDY. When a transmit break command is 
asserted, CSR3 will be set. The bit will be 
cleared after the break is completed. 


The ring tone commands cause the tone 
generator to output a square wave on the 
TONE output. The tone durations are speci- 
fied by the commands: 

Ring tone short = 25ms 

Ring tone long = 100ms 


The tone frequency is either 1kHz or 2kHz, as 
specified by KMRO. 


Programmable Keyboard and Communications Controller (PKCC) 


SCN26714 


COMMENTS 


Table 6. RESET COMMAND DESCRIPTION 


COMMAND 


RESETS 


Keyboard reset KMR7 —- KMRO The keyboard controller is reset, ignoring the 
KSR5, KSR3 - KSRO input at KRET. 
IMR3 — IMR1 


Keyboard error status bit reset. 
Keyboard overrun status bit reset. 


Resets the receiver overrun, parity, and framing 
error status bits. 


KERR reset KSR1 
KOVR reset KSR2 


Communications error reset CSR7-CSR5 


Break detect change reset ISR5 


Set RxE See note. 


See note. 
Set TxE 


Resets the break detect change bit in the 
interrupt status register. 


Enables receiver operation. 


Disables the receiver. 


See note. Enables transmitter operation. 


CSR3-CSR1 Disables the transmitter. Sets the TxD output to 
See note. a 1 after transmitting the character in TxSR. 


CMR, CSR, BRR, Resets the communication controller. The RxD 
TxE, RxE, IMR7-IMR5, IMRO input is ignored and the TxD output is set 
to a 1. 


Reset TxE 


Communications reset 


CMR, CSR, BRR, 
TXxE, RxE, KMR, 


Resets the keyboard and communication control- 
lers. Inputs at KRET and RxD are ignored and 
the TxD output is set to a 1. 


Master reset 


KSR5, KSR3-KSRO, 
IMR7-IMRO 

Releases the internally latched 
power on reset. 


NOTE: 
Command does not affect the CMR or the BRR. 


Clear keyboard enable [ Transmit character break 


Transmit timed break 


es Ring tone short 


Set keyboard enable 


Clear shift lock 


Set shift lock Ring tone long 
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Figure 10. Miscellaneous Commands Format 


The set/clear shift lock commands control 
the state of the internal shift lock flip flop. 
When shift lock is set, the keyboard controller 
encodes all key depressions as if the SHIFT 
input was asserted. The state of the shift lock 
flip flop is reflected in KSRS5. 


The set keyboard enable command enables 
the keyboard controller and sets KSR3 in the 
keyboard status register. THe clear keyboard 
enable command resets KSR3 and disables 
key processing at the KRET input. The key- 
board controller is not reset by this command, 
and the current state of the keyboard (key 


depressions and latched key states) is pre- 
served internally. When the keyboard is sub- 
sequently enabled, key processing resumes, 
old and new keys are debounced, and 
latched keys are encoded if there has been a 
change in their state. 


MASK PROGRAMMABLE 
OPTIONS 


Characteristics of certain portions of the 
PKCC are internally programmed by means of 


a read only memory. The items which can be 
programmed are: 


@ Key codes 
@ Auto-repeat keys 


@ Scan times, tone frequency, and tone 
duration 


® Baud rates 

© Interrupt vectors 

Consult your local Signetics representative 
for costs, minimum quantities, and data sub- 


mission requirements for customized versions 
of the PKCC. 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER RATING UNIT 


Operating ambient temperature 0 to +70 
Storage temperature -65 to +150 
All voltages with respect to ground? -0.5 to +6.0 


LIMITS 
PARAMETER 


Vir Input low voltage 

Vin Input high voltage 
XTAL1, XTAL2/BRCLK 
All other inputs 


VoL Output low voltage lo. = 1.6mA 
Von Output high voltage (except INTR) lon = -100uA ; 
he Input leakage current (except XTAL1, Vin = 0 to Voc 
XTAL2/BRCLK) 
Ixtui = Input low current Vin = 0 
XTAL1 
XTAL2/BRCLK’ , 
IxtLWW = Input high current Vin = Voc 
X 
10 


3 
> 


TALI -o 


| 30 
XTAL2/BRCLK’ 0.2 
toe Data bus 3-state leakage current | Vo =0 to Voc 
loc Power supply current 150 


AC ELECTRICAL CHARACTERISTICS T, =0°C to +70°C, Voc = 5Vt5% 45% 


~ 
> 5/55 


PARAMETER TEST CONDITIONS 


Read timing (See figure 11) 

tas Address set-up to RD 

tos CE set-up to RD 

tpw RD pulse width 

taH Address hold from RD 

tou CE hold from RD C= 150pF 
top Data delay for read 

tor Data bus floating time for read C. = 150pF 
tant Access delay from any read to next read or write 


Write timing (See figure 12) 

tas Address setting to WR 

tcs CE set-up to WR 

tpw WR pulse width 

tay Address hold from WR 

toH CE hold from WR 

tos Data set-up 

toy Data hold 

tape Access delay from any write to next read or write 
Access delay from reset command to next read or 

write 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


LIMITS 
PARAMETER UNIT 
Min Typ Max 
Interrupt acknowledge timing (see figure 13) 
tpwi INTA pulse width 300 ns 
top! Data delay time for interrupt vector C. = 150pF 250 ns 
tor! Data bus floating time after INTA Cy = 150pF 10 100 ns 
tapi INTA to INTA access delay 300 ns 
INTR reset timing (see figure 14) 
ta INTR delay from: 
Read RxHR (RxRDY) 400 ns 
Read KHR (KRDY) 400 ns 
Reset commands (KOVR,KERR,BREAK) 450 ns 
Load TxHR (TxEMT,TxRDY) 400 ns 
Mask bit reset 300 ns 
Keyboard timing (see figure 15 and 16) 
fKCLK KCLK frequency 409 kHz 
tkBD KR;,KC; to KRET sample delay: 
FAST SCAN 12.0 US 
SLOW SCAN 55.0 US 
tpos Scan time per matrix position: 
FAST SCAN 20 US 
SLOW SCAN 80 us 
KAD KDRES delay from KCLK C, = 150pF ns 
tkRH KDRES hold from KLCK Cy = 150pF ns 
tuyso HYS delay from KCLK Cy = 150pF ns 
taco KR;,.KC, delay from KLCK Cy = 150pF ns 
UART timing (see figure 17, 18, 19) 
trxs RxD set-up time 200 ns 
taxH RxD hold time 200 ns 
ttxp TxD delay from falling edge of TxC Cy = 150pF ns 
trcs Skew between TxD transition 
and falling edge of TxC output Cy = 150pF 0 ns 
tary XTAL1 clock high® 70 ns 
tBAL XTAL1 clock low® 70 ns 
fgac BRG input frequency 1.0 4.9152 MHz 
fast TxC or RxC input frequency Clock rate factor 
= 16X, 32X, 64X MHz 
Clock rate factor 
= 1X MHz 
tR/TH TxC or RxC clock high 350 ns 
tR/TL TxC or RxC clock low 350 ns 
NOTES: 


1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is stress rating only and functional operation of 
the device at these or at any other condition above those indicated in the operation section of this specification is not implied. 

2. For operating on elevated temperatures, the device must be operated based on + 150°C maximum function temperature. 

3. This product includes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive static charge. Nonetheless, it is 
suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 

4. Parameters are valid over operating temperature range unless otherwise specified. 

5. All voltage measurements are referenced to ground (Vss). All input signals swing between 0.4V and 2.4V with a transition time of 20ns maximum and time 
measurements are referenced at input voltages of 0.8V, 2.0V and at output voltages of 0.8V, 2.0V as appropriate, unless otherwise specified. 

6. Typical values are at + 25°C, typical supply voltages and typical processing parameters. 

7. XTAL2 input currents are measured with XTAL grounded. 

8. See figures 20 and 21 for XTAL1, WTAL2 connections for driving XT.AL2 with an external clock. Input levels for XTAL1 and XTAL2 are Vi, < 0.8V, Vi = 4.0V, and 
taAL and tgay are measured at these Seveis. 
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Figure 11. Read Timing 


on tap- 
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07-D0 
(INTR VECTOR) 
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Figure 13. Interrupt Acknowledge Timing 
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ay Vit 
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Figure 14. Interrupt Reset Timing 


KRET, SHIFT 
CONTROL & REPEAT 
SAMPLE TIME 


NOTE: 
Scan timing shown is for fast scan (KMR1 = 1). For slow scan (KMR1 = 0) all signals except KCLK run at Y4 the shown rates. 


Figure 15. Keyboard Scan Timing 
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-————— 1 SCAN CYCLE ——___——> 


N-KEY ROLLOVER 
ai MODES ONLY 


KROY a ee 


(KSRO) : ~ 2KEY ROLLOVER 
al ‘ka >t Hsec 2 KEY INHIBIT 
7 1@ RESET 
READ KHR REARS 
(K1) 2 KEY INHIBIT 


aw MODE ONLY 


Figure 16. Keyboard Timing 
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XTAL1, TxC, RxC 
——_—_—_—— Wfgrqg ——» 


a Wipit 


Transmit 


1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS) = 


TxC 
(INPUT) 


TxC 


(OUTPUT) 


Receive 


RxC (1X) 
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Figure 17. 
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BC «<— D————> A 8C w+O~ 


A 
DATA 2 OATA 3 
' ry 


Cc 


<— 0 ———__—__» 


A B 
OATA 1 


TxEN 4 ; 
A 1 i 


I ! 
CE FOR 
WRITE OF | 
THR | 
\ 
_TxROY 
(CSR1) 


TxEMT 
(CSR2) 


TxO 


A BCA BC A 60 = 


TxO 
BREAK 1 —————-— ~—— _ BREAK 2 DATA 3 


TxEN ‘4 


CE FOR 
BREAK 
COMMAND 


-——_——_ 
=_—_ 


TxROY ' 
(CSR1) bs H 
TRANSIT ! 
BREAK oe : ! 
CSR3 1 


TxEMT \ 


_ bo NS 


WRITE OF L 7 


THR 
IF NO WRITE OF THR 


A=START BIT B=1stSTOPBIT C=2ndSTOPBIT O=MARK 
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Figure 18. Transmitter Timing 
(5-Bit Characters, no Parity, 2 Stop Bits) 
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Figure 19. Receiver Timing 
(5-Bit Characters, no Parity, 2 Stop Bits) 
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Figure 20. Crystal Connections BRG Clock Figure 21. Connection for External BRG Clock Source 
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Table 7. REGISTER FORMAT SUMMARY 
7 6 5 4 3 2 1 0 


Test Mode Rollover modes Keyboard Auto repeat Tone select 


1=Enable {| 00 =N-key with latched keys | 0=Encoded | 0 = Disable 
KMR2/}KMR1 
KMR 0 = Disable 01 = N-key 1=Nonen- | 1 = Enable 0 
10 = Two keys coded 0 
11 = Two key inhibit 1 
1 


KSR CONTROL SHIFT REPEAT Keyboard 
Enabled 


Operating Mode Parity Parity Mode Stop Bits Character Length 
00 = Normal 0 = Odd/ 00 = With parity 
CMR 01 = Auto echo force 0 | 01 =Force parity 


10 = Local ioopback 10 = No parity 
11 = Remote loopback: 1 = Even/ 11 = Not allowed 
force 1 


Tx Clock Rx Clock . Clock rate factor 
source source for external clocks Baud rate select (BRR3-BRRO in hex) 
O = External | 0 = External | 00 = 16X 0= 8 = 1200 C = 4800 
. 01 = 32X 1= 9 = 1800 D = 9600 
1 = Internal | 1 =Internal | 10 = 64x 2= A = 2000 E = 19200 
BRR (BRG) (BRG) 11 = 1X 3= B = 2400 F = 38400 


For internal clocks these 
bits specify the output 
frequency on pins 34 
and 35 (table 4). 


CSR Parity error Framing Overrun Received Transmit 
error error break break 


IMR/ISR TxRDY TxEMT BREAK 
CHANGE 


00X = No effect 101 = Reset TxE Break detect Communi- KOVR reset KERR reset Keyboard 
change cations reset 
Reset 010 = Set RxE 110 = Set TxE reset error reset 
Command 011 = Reset RxE and RxE 
Format 100 = Set TxE 111 = Communica- 


tions reset - 


Miscellaneous Clear Set Transmit Transmit 
Commands keyboard keyboard timed character 
Format enable enable break break 
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INTRODUCTION 

Microprocessors and LSI have had a 
dramatic impact on the irnplementation 
and capabilities of alphanumeric CRT 
terminals. The first generation of CRT 
terminals were little more than ‘glass 
teletypes'. Current designs, imple- 
mented with microprocessors, are char- 
acterized by an abundance of sophisti- 
cated features that were previously not 
economically feasible: a universal hard- 
ware design that can adapt to different 
user requirements simply by changing 
software or firmware; programmability to 
provide end users with the flexibility to 
execute specialized routines; and local 
intelligence and storage which off-loads 
the host CPU by permitting data manipu- 
lation and verification at the terminal 
site. 


Just as the impact of microcomputers 
has been felt in the functional capabili- 
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ties of terminals, advances in semicon- 
ductor technology have revolutionized 
the hardware implementation. Designs 
that previously consisted of 100 to 200 
ICs can now be realized with a few 
dozen MSI and LSI devices. The majority 
of the LS! manufacturers' effort with 
respect to CRT terminals has been con- 
centrated in the 'CRT controller’ area. 
These circuits provide the character tim- 
ing, display addressing, and sync gener- 
ation functions required by all terminals. 
However, these controllers need to be 
supported by many other external cir- 
cuits to implement a complete terminal. 


The purpose of this application note is to 
provide information on the use of four 
new Signetics CRT terminal products 
which, when combined with standard 
CPUs, memories, and TTL, allow the 
implementation of a wide spectrum of 
CRT terminal capabilities in as few as 15 
total packages. These devices are: 


LINE DRIVERS | 
| & RECEIVERS oS mere 


Figure 1. CRT Terminal Block Diagram 


e 2670 Display Character and 
Graphics Generator (DCGG) 


@ 2671 Programmable Keyboard and 
Communications Controller (PKCC) 


@ 2672 Programmable Video Timing 
Controller (PVTC) 


e 2677 Video and Attributes 
Controller (VAC) 


MAJOR ELEMENTS OF A CRT 
TERMINAL 

Figure 1 shows the major elements of a 
typical low-end microcomputer-based 
CRT terminal. In this system, the CPU 
examines inputs from the data communi- 
cations line and the keyboard and 
places the data to be displayed in a 
display buffer memory, which is typically 
a RAM which holds the data for a single 
or multiple screenioad (page) or for a 
single character row. High-end (‘smart' 


VIDEO TIMING & ATTRIBUTES 


DATA COMMUNICATIONS LINE 
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and ‘intelligent’) terminals start with the same 
base, but append additional circuits to pro- 
vide more features and capabilities. The fol- 
lowing sections describe the functions of 
each of the major blocks. 


Character Timing and Sync 


Generation 

The major function of this block is to generate 
the horizontal and verticai timing signals re- 
quired to produce the TV raster on the CRT 
monitor. Other functions include the. genera- 
tion of display memory addresses in synchro- 
nism with the monitor scan and in accordance 
with a defined screen format (characters per 
row, scan lines per row and rows per screen), 
generation of a cursor signal at the appropri- 
ate scan position, and generation of video 
blanking signals during retrace intervals. 


1/O Interface 

In its simplest form, this block provides an 
interface to a keyboard to identify the key 
depressed and a serial communications link, 
normally operating in an asynchronous for- 
mat, between the terminal and the host 
computer. Although these functions could be 
performed programmatically by the terminal 
CPU system, removing these functions to 
intelligent controllers unburden the system 
CPU and allow it to be used more effectively 
to provide additional features with a relatively 
small cost impact. 


GM 


CA0-CA7 


CSTROBE —> 
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Character and Graphics 
Generation 

These circuits convert the data stored in the 
display memory to the line by line dot patterns 
required to display the data on the CRT 
monitor. 


Video Timing and Visual 
Attributes | : 
This section contains the high speed (dot 
rate) circuits necessary to convert the parallel 
data from the character and graphics genera- 
tion circuits to the serial video stream re- 


quired by the CRT. Also included are circuits 


to sum visual display attributes such as blink- 
ing, high/low intensity, reverse video, and 
underlining into the video stream. 


SIGNETICS' CRT CHIP: SET 

As mentioned previously, the Signetics CRT 
‘set’ consists of four circuits. The functions of 
these circuits correspond closely to the four 
major CRT terminal blocks described above. 
The circuits have been partitioned so as to 
allow each to be used independent of the 
others, allow several alternative methods of 
implementing the display memory interface 
so that the hardware can be tailored to the 
system requirements, provide a full comple- 
ment of programmable capabilities, and mini- 
mize the number of support circuits required. 


The following sections give a brief description 
of each of the circuits. The reader is referred 


OUTPUT 
INHIBIT 
CONTROL 


een 


GRAPHICS 


SELECT 
MULTI- 
PLEXERS 


LINE ADDRESS 
TRANSLATION ROM 
(32 x 10) 


Figure 2. 2670 Display Character and Graphics Generator 


OUTPUT 
DRIVERS 


to the individual data sheets for full operation- 
al details. 


2670 Display Character and 


Graphics Generator (DCGG) 

The DCGG, figure 2, is a mask-programmable 
11,648-bit line select character generator. It 
contains 128 10x9 characters placed in a 
10x16 matrix, and has the capability of 
shifting certain characters, such as j, y, g, p 
and q, that normally extend below the base- 


line; effectively, the 9 active lines are lowered 


within the matrix to compensate for the char- 
acter's position. 


Seven bits of an 8-bit address code are used 
to select 1 of the 128 available characters. 
The eighth bit functions as a chip enable 
signal. Each character is defined by a pattern 
of logic 1s and Os stored in a 10x9 matrix. 
When a specific 4-bit binary line address 
code is applied, a word of 10 parallel bits 
appears to the output. The lines can be 
sequentially selected, providing a 9-word se- 
quence of 10 parallel bits per word for each 
character selected by the address inputs. As 
the line address inputs are sequentially ad- 
dressed, the device will automatically place 
the 10 x 9 character in 1 of 2 preprogrammed 
positions on the 16-line matrix with the posi- 
tions defined by the 4-line address inputs. 
One or more of the 10 parallel outputs can be 
used as control signals to selectively enable 
functions such as half-dot shift, color selec- 
tion, etc. 


[> DO-D9 
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The 2670 DCGG includes latches to store the 
character address and line address data. A 
control input to inhibit character data output 
for certain groups of characters is also provid- 
ed. The 2670 also includes a graphics capa- 
bility, wherein the 8-bit character code is 
translated directly into 256 possible user 
programmable graphic patterns. Thus, the 
DCGG can generate data for 384 distinct 
patterns, of which 128 are defined by the 
mask programmable ROM. 


2671 Programmable Keyboard 
and Communications Controller 


(PKCC) 

The 2671, figure 3, is an MOS LSI device 
which provides a versatile keyboard interface 
and also functions as an asynchronous com- 
munications controller. It is intended for use 
in microprocessor based systems and pro- 
vides an eight bit data bus interface. 


The keyboard controller handles the scan- 
ning, debounce, and encoding of mechanical 
or capacitive keyboards with a maximum of 
128 keys utilizing any of four programmable 
rollover modes. A mask programmable ROM 
provides four levels of key encoding, corre- 
sponding to the separate shift and control 
input combinations. An eight bit keyboard 
status register transmits status information to 
the CPU. Programmable features include roll- 
over mode, scan rate and debounce time, 
coded or uncoded operation, and automatic 
repeat operation. 


The communications section of the PKCC is a 
universal asynchronous receiver and trans- 
mitter (UART). The receiver accepts serial 
input data and converts it to parallel data 
characters. Simultaneously, the transmitter 
accepts parallel data from the CPU data bus 
and outputs it in serialized form. Received 
data is checked for parity and framing errors, 
and break conditions are flagged. Character 
lengths can be programmed as 5, 6, 7, or 8 
bits not including parity, start or stop bits. An 
internal baud rate generator (BRG) operating 
from an external clock or directly from a 
crystal can be used to derive one of sixteen 
receive and/or transmit clocks. An eight bit 
communications status register provides sta- 
tus information to the CPU. 


The PKCC has an interrupt mask register to 
selectively enable keyboard and communica- 
tions status bits to generate interrupts. Priority 
encoded interrupt vectoring is available. Upon 
receipt of an interrupt acknowledge, a mask 
programmable interrupt vector will be output 
on the data bus reflecting the source of the 
interrupt. The mask enabled interrupt sources 
can also be read directly. 
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2672 Programmable Video 


Timing Controller (PVTC) 

The 2672 PVTC, figure 4, is a programmable 
device designed for use in CRT terminals and 
display systems that employ raster scan tech- 
niques. The PVTC generates the vertical and 
horizontal timing signals necessary for the 
display of interlaced or non-interlaced data on 
a CRT monitor. Also, the 2672 provides 
consecutive addressing to a user specified 
display buffer memory domain and controls 
the CPU-display buffer interface for various 
buffer configuration modes. A variety of oper- 
ating modes, display formats, and timing 
profiles can be implemented by programming 
the control registers in the PVTC. 


The CPU initializes the 2672 control and 
timing registers for the desired timing profiles 
and memory configuration. The PVTC pro- 
vides the handshake control for CPU access 
to the display buffer. One of four memory 
access modes may be programmed: indepen- 
dent mode, transparent mode, shared mode, 
and row mode. These modes are described in 
the System Configurations section of this 
application note. 


In all modes, the PVTC provides addresses 
for the display buffer which outputs the char- 
acter codes to the 2670 Display Character 
and Graphics Generator (DCGG) and visual 
attribute codes to the 2673 Video Attributes 
Controller (VAC). The DCGG and PVTC sup- 
ply the dot data and sync timing to the VAC 
which generates the serialized video. 


Programmable features of the PVTC include 
screen format (characters/row, rows/screen, 
scan lines/row), horizontal and vertical timing 
parameters, cursor type (block or underline) 
and blink rate, character blink rate, interlaced 
or non-interlaced operation, and single or 
double height characters. 


The PVTC is capable of producing interrupts 
based upon several internal conditions. By 
using these interrupts (or by polling the equiv- 
alent status register) display features such as 
non-consecutive buffer addressing for split 
screen operation, multiple cursors, horizontal 
and vertical scrolling, and smooth vertical 
scroll can be implemented. 


2677 Video and Attributes 


Controller (VAC) 

The 2677, figure 5, is a bipolar LS! device 
designed for CRT terminals and display sys- 
tems that employ raster scan techniques. It 
contains a high speed video shift register, 
field and character attributes logic, attribute 
latch, cursor format logic and half dot shift 
control, and can be programmed for a light or 
dark screen background. 


The VAC visual attribute capabilities are re- 
verse video, character blank, blink, ‘underline, 
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highlight, and light pen strike-thru or, optional- 
ly, graphics. Each attribute has a separate 
control input which is latched internally when 
the AFLAG input is asserted. if the AMODE 
input is low, the attributes are valid for one 
character time. If AMODE is high, the attri- 
butes remain valid until the field is terminated 
by strobing in a new. attributes set. The 
attributes are double buffered on a row by 
row basis internally so that field attributes can 
extend across character row boundaries 
thereby eliminating the necessity of starting 
each row with an attribute set. 


The horizontal dot frequency is the basic 
timing input element to the VAC; internally, 
this clock is divided down to provide a char- 
acter clock output for system synchroniza- 
tion. Ten bits of dot data are parallel loaded 
into the video shift register on each character 
boundary. The video data is shifted out on 
three outputs at the dot frequency. On the 
video output, the video is presented as a 
three level signal representing low, medium 
and high intensities, and the three intensities 
are also encoded on the two TTL compatible 
video outputs. 


SYSTEM CONFIGURATIONS 

The PVTC supports four common system 
configurations of display buffer memory inter- 
face, designated the independent, transpar- 
ent, shared, and row buffer modes. The first 
three modes utilize a single or multiple page 
RAM and differ primarily in the means used to 
transfer display data between the RAM and 
the CPU. The row buffer mode makes use of 
a single row buffer (which can be a shift 
register or a small RAM) that is updated in 
real time to contain the appropriate display 
data. 


Independent Mode 

The CPU to RAM interface configuration for 
this mode is illustrated in figure 6. Transfer of 
data between the CPU and display memory is 
accomplished via a bidirectional latched port 
and is controlled by the PVTC signals read 
data buffer (RDB), write data buffer (WDB), 
and buffer chip enable (BCE). This mode 
provides a non-contention type of operation 
that does not require address multiplexers. 
The CPU does not address the memory 
directly -the read or write operation is per- 
formed at the address contained in the cursor 
address register or the pointer address regis- 
ter as specified by the CPU. The PVTC 
enacts the data transfers during blanking 
intervals in order to prevent visual distur- 
bances of the displayed data. 


The CPU manages the data transfers by 
supplying commands to the PVTC. The com- 
mands used are: 

1. Read/Write at pointer address. 
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Figure 3. 2671 Programmable Keyboard and Communications Controller 


February 1985 974 


Signetics Microprocessor Products | Application Note 


Using the 2670/71/72/77 CRT Terminal Chip Set AN404 


INTERFACE CONTROL 


CE 
= DISPLAY CTREA 
R INITIALIZATION MEMORY CTRL 2 
wa AND HANDSHAKE 
DISPLAY LOGIC CTALS 
REGISTERS 
COMMAND 
| DECODE 
LOGIC 
A0-2 
DISPL 
Efe INTERRUPT SLAY. DADDO-DADD13 
3 ADDRESS 
STATUS LY 
REGISTER MULTIPLEXERS 14 
INTR CURSOR LIGHT PEN STROBE 
POINTER AND 
LIGHT PEN 
REGISTERS 
a CURSOR CURSOR 
AND 
Ce DRIVERS COMPARE 
8 LOGIC 
Voc 
GND 
HSYNC 
Bie TIMING) enn VSYNC/CSYNC 
DECODE LOGIC BLANK 


AFO0950S 


Figure 4. 2672 Programmable Video Timing Controller 
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Figure 5. 2677 Video and Attributes Controller 


2. Read/Write at cursor address (with op- 1. The CPU loads data to be writteninto the 3. The CPU checks the PVTC 'RDFLG' 


tional increment of address). display memory into the interface latch. status bit to assure that any previous 

3. Write from cursor address to pointer 2. The CPU writes the destination address operation has been completed. 
address. : into the PVTC's cursor or pointer regis- 4. The CPU issues a ‘write at cursor with/ 
ters. without increment’ or a ‘write at pointer’ 


The operational sequence for a write to 


: : command to the PVTC. 
memory operation is: 
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5. The PVTC negates 'RDFLG’, outputs the © 


specified address, and generates control 
signals to perform requested operation. 
Data is copied from the interface latch 
into the memory. 

6. The PVTC sets its 'RDFLG' status to 
indicate that the write operation is com- 
pleted. 


Similarly, a read operation proceeds as fol- 

lows:, 

1. Steps 2 and 3 as above. 

2. The CPU issues a ‘read at cursor with/ 
without increment’ or 'read at pointer’ 
command. 

3. The PVTC negates 'RDFLG’, outputs the 
specified address, and generates control 
signals to perform the read operation. 
Data is copied from the memory to the 
interface latch and the PVTC sets its 
'RDFLG' status to indicate that the oper- 
ation is completed. 

4. The CPU checks the 'RDFLG’' status to 
see if the read is completed. 

5. The CPU reads the data from the inter- 
face latch. 


Loading the same data into a block of display 
memory is accomplished via the 'write from 
cursor to pointer’ command: 

1. The CPU loads the data to be written into 
the display memory into the interface 
latch. 

2. The CPU writes the beginning address of 
the memory block into the PVTC’'s cursor 
address register and the ending address 
of the block into the pointer address 
register. 


February 1985 


REFRESH | 


DATA /0 


DISPLAY DATA BUS 


OE 
cp 74LS364 


3. The CPU checks the 'RDFLG’' status bit 
to assure that any previous operation has 
been completed. 

4. The CPU issues a ‘write from cursor to 
pointer’ command to the PVTC. 

5. The PVTC negates 'RDFLG" and outputs 
block addresses and control signals to 
copy the data from the interface latch 
into the specified block of memory. 

6. the PVTC sets its 'RDFLG' status to 
indicate that the block write is completed. 


Similar sequences can be implemented on an 
interrupt driven basis using the READY inter- 
rupt output from the PVTC to inform the CPU 
that a previously requested command has 
been completed. 


Two timing sequences are possible for the 
‘read/write at cursor/pointer’ commands. If 
the command is given during the active dis- 
play window (defined as first scan line of the 
first character row to the last scan line of the 
last character row), the operation takes place 
during the next horizontal blanking interval. If 
the command is given during the vertical 
blanking interval, or while the display has 
been commanded blanked, the operation 
takes place immediately. 


For the 'write from cursor to pointer’ opera- 
tion, the PVTC's BLANK output is asserted 
automatically and remains asserted until the 
horizontal retrace interval following comple- 
tion of the command. The memory is filled at 
a rate of one location per two character 
times, plus a small amount cf overhead. 


976 


Application Note 


AN40‘ 


AF00970S 


Shared and Transparent Buffer 


Modes 

In these modes the display buffer RAM is a 
part of the CPU memory domain and is 
addressed directly by the CPU. Both modes 
use the same hardware configuration with the 
CPU accessing the display buffer via three- 
state drivers (see figure 7). The processor 
bus request (PBREQ) control signal informs 
the PVTC that the CPU is requesting access 
to the display buffer. In response to this 
request, the PVTC raises bus acknowledge 
(BACK) until its bus external (BEXT) output 
has freed the display address and data bus- 
ses for CPU access. BACK, which can be 
used as a ‘hold’ input to the CPU, is then 
lowered to indicate that the CPU can access 
the buffer. 


in transparent mode, the PVTC delays the 
granting of the buffer to the CPU until a 
vertical or horizontal blanking interval, there- 
by causing minimum disturbance of the dis- 
play. In shared mode, the PVTC will blank the 
display and grant immediate access to the 
CPU. 


Row Buffer Mode 

Figure 8 shows the hardware implementation 
for the row buffer mode. During the first scan 
line (line 0) of each character row, the PVTC 
halts the CPU and DMA's the next row of 
character data from the system memory to 
the row buffer memory. The PVTC then 
releases the CPU and displays the row buffer 
data for the programmed number of scan 
lines. The bus request (BREQ) control signal 
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informs the CPU that character addresses 
and the memory bus control (MBC) signal will 
start at the next falling edge of BLANK. The 
CPU must release the address and data 
busses before this time to prevent bus con- 
tention. After the row of character data is 
transferred to the CPU, BREQ returns high to 
grant memory control back to the CPU. 


A MINIMUM CHIP COUNT 
TERMINAL IMPLEMENTATION 


Figure 9 is the schematic of a minimum chip 
count CRT terminal using the four CRT set 
devices. Only 15 IC packages are required for 
the complete implementation, including ail 
keyboard encoding and RS-232 level conver- 
sion for the serial interface. Despite this low 
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Figure 8. Row Buffer Mode Configuration 


chip count the terminal is capable of providing 
an impressive array of features including: 


Display Format: 
@ 24 or 25 character rows 
@ 80 characters per row 


Character Format: 
@ 7x9 dot matrix character in a 9x12 
character block 
® 96 ASCII alphanumeric characters 
@ 32 special symbols 
@ Block graphics 
@ Line drawing character set 
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Cursor: 
® Underline or block cursor 
@ Optional blinking 


Keyboard: 
@ 128 keys maximum 
@ Non-encoded 
® Cursor control keys 
@ Numeric keypad 


Serial Interface: 
® Full or half duplex 
@ RS-232 compatible 
@® 16 baud rates with internal baud rate 
generator 
® Character or block transmission 
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Figure 9. Minimum Chip Count Terminal 
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| Figure 9. Minimum Chip Count Terminal (Continued) 
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Operating Modes: 
® Normal : 
® Transparent (displays graphic and 

contro! characters) 
® Page or scroll with optional smooth scroll 


Visual Attributes: 
@ Blink. . 

' @ Reverse video 
® Highlight 

- ® Underline _ 

- ® Non-display 


~The system utilizes the independent buffer 
‘mode to minimize hardware requirements. 
The dual port interface to the 2K x 8 display 
buffer is via a Signetics 8x 31 bidirectional 
dJatch. This may be replaced by a unidirection- 
al latch such as the 74LS374 if reading of the 
fFiAM's contents by the CPU is not required. 


The operating program for the terminal is 
contained in the internal ROM of the 8049 
reicrocomputer, which also provides the RAM 
required by the system program. Since the 
majority of the terminal's features are tailored 
by firrnware, the ROM size can be increased, 
erher internally or externally, to support addi- 
tional functions. | 


BASIC TERMINAL SOFTWARE 
The software for a microcomputer based 
terminal is ciosely tied to the system hard- 
ware configuration and its characteristics. If 
an interrupt driven mode of operation is 
desired, the system hardware/software de- 
sign must be capable of prioritizing the inter- 
rupts so that the system will correctly service 
interrupts from different sources. In a typical 
system, there are three interrupt sources: the 
keyboard, the communications interface, and 
the video timing controller. The latter must 
usually be assigned the highest priority since 
failure to service an interrupt from the video 
timing controller on a timely basis may result 
in visual perturbations on the display. The 
keyboard and datacomm interrupts can, in 
most cases, absorb some time delay before 
they are serviced since they include one or 
more leveis of data buffers. 


Often, a multi-level interrupt structure will be 
required so that a high priority interrupt requir- 
ing immediate service can be serviced even 
while the system is in the process of servicing 
a lower priority interrupt. 


A simplified flowchart for the software for an 

interrupt driven terminal is shown in figure 10. 

After application of power, the microproces- 

sor first performs a system initialization rou- 

tine which consists of five parts: 

1. Clear the microcomputer's scratchpad 
RAM. 


1A data package for this terminal is available upon 
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. 2. ‘Initialize the 2672 PVTC for the desired 


screen format, monitor timing parame- 
ters, cursor parameters, and display start 
address. — 

3. Clear the CRT display by loading a non 
_display-code (usually an ASCII ‘space’, 
20 hex) into the buffer memory. 

4. Initialize the 2671 PKCC for the desired 
keyboard and serial interface modes. 


~5. Read any mode switches (e.g., full or half 


duplex, baud rate, cursor type, etc.) and 
set system parameters as required. 


The processor can now enable its interrupts 


and wait in a loop until an interrupt is re- 


ceived. When this happens, the processor 
first determines the source of the interrupt 
and then performs the required system oper- 
ation. 


An interrupt from the CRT timing controller 
usually indicates that some information is 
required for proper screen refresh operation. 
For example, the PVTC may issue a 'split 
screen’ interrupt to indicate that a new ad- 
dress must be loaded into its screen start 
registers in order for the next character row to 
be displayed from other than the next se- 
quential address in memory. The CPU must 
service this interrupt within a finite time in 
order for the display to operate correctly. 


An interrupt from the keyboard interface may 
be either a displayable character or a control 
function. Displayable characters are usually 
transmitted to the host computer and also 
placed into the buffer memory for display on 
the terminal. Certain contro! characters, such 
as cursor control keys or keyboard error 
codes, may cause only local actions, while 
others will also require transmission to the 
host. 


An interrupt from the data communications 
interface may also be a displayable character 
or a system control character. In either case 
the microprocessor must determine the type 
of character and perform the necessary sys- 
tem operation. 


A DESIGN EXAMPLE 

A fully operational emulation of an IBM 3101 
terminal was designed and constructed using 
the Signetics CRT chip set. The terminal 
incorporates the majority of the 3101's func- 
tions. Selected functions were not incorporat- 
ed due to program memory limitations. For 
example, the tabbing functions were devel- 
oped and tested but were left out in defer- 
ence to the block transmission functions. 


request from Signetics. 


980 


Application Note 


— AN404 


TERMINAL FEATURES 


Display Screen Format 

— 2000 character screen capacity 
(25 rows x 80 columns) 

—- Operator information area (25th 
line) 

_—- Block-shaped cursor with optional 
blinking 


Table 1. 


Displayable Graphic Set 
— 95 ASCII characters for non- 
. transparent mode 
' — 128 characters for transparent 
mode 
-——- 7x9 character matrix in 9x 12 
field: 


Keyboard 
— 63-key main keyboard 
— 12-key control key cluster 
~- 12-key numeric keypad 
— Keyboard lock/unlock under soft- 
ware control 
— Keyboard clicker 
-—- Typamatic operation 


Edit Functions 
— Cursor controls: up, down, left, 
right, home 
—~ Cursor address read and write 
— Erase functions: erase EOL, 
erase EOS, clear screen 


Visual Attributes 
-—- Highlighted field 
—~ Blinking field 
— Non-displayed field 
— Underlined field 


Modes of Operation 
— Transmission modes: character or 
block (page or line) 
— Normal or transparent 


Line Protocol 

~~ Asynchronous 

— 7-bit ASCH with programmable 
parity 

—~ One or two stop bits 

— Full or half duplex 

— Online or local 

— Programmable line turnaround 
character for block mode (EOT/ 
ETX/CR/XOFF) 

— EIA RS232 interface 

-—— Communication line speed: 50 to 
9,600 baud 


Screen Refresh Rate 
— 60Hz 


More features could have been included by 
selecting another of the numerous micropro- 
cessor devices on the market with greater 
program memory capacity. Major features of 
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Figure 10. Basic Terminal Software Flowchart 
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the terminal are summarized in table 1.’ 


Terminal Hardware 

The block diagram of the 8035 based termi- 
nal is illustrated in figure 11. It is an expanded 
version of the logic shown in figure 9, the 
major difference being a larger display RAM, 
to provide up to two pages of screen data, 
and the addition of several input ports to 
handle the large number of option and set-up 
switches. The terminal's software is con- 
tained in 4K of program storage external to 
the 8035. 


The 2672 PVTC is programmed to operate in 
the independent buffer mode with the CPU 
isolated from the display RAM by two 
74LS364 eight-bit latches, which provide the 
path for data transfers between the CPU and 
FAM. The PVTC, responding to commands 
from the CPU, completely controls the data 
transfer. To avoid display interference, the 
PVTC is instructed to complete the access 
during a blanking interval. For massive dis- 
play updates (clear screen, load form, etc.) 
the PVTC is instructed to blank the display 
and service the data transfer immediately and 
continuously. Additional memory contention 
circuliry is not necessary since the PVTC 
provides all of the timing and addressing (via 
cursor and pointer) necessary to complete 
the transfer. An interrupt from the PVTC 
informs the CPU when an operation is com- 
pleted. 


The FVTC addresses the display buffer mem- 
ory, which contains both character and aittri- 
bute data. An attribute byte is identified by the 
software by seiting bit 7 of the byte to a logic 
1. The RAM data outputs are applied to the 
2670 DCGG, which provides the character 
dot data information, and to the 2673 VAC. 


The VAC is hardwired to operate in the field 
attributes mode for this application. An attri- 
bute character occupies a screen position but 
is not displayed unless the ACD input to the 
VAG is asserted. Bit 7 of the character byte 
identifies a character as an attribute charac- 
ter itis a 1. When bit 7 on the RAM data bus 
is a i, the attribute byte is latched into the 
VAC to begin a new attributes field. Since the 
attributes are double buffered in the VAC, 
only one byte {at any character position) is 
required to specify a field. 


The bipolar VAC circuit serializes the dot data 
from the DCGG into a 17.5MHz data stream 
for the rnoniter. Two TTL-level video outputs 
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provide three levels of video: biack, white, 
and gray. 


The PKCC provides the asynchronous data 
communications link at one of sixteen select- 
able baud rates. The PKCC addresses two 
74LS145s which act as a 4-to-16 decoder to 
drive a 16x8 matrix keyboard. Key depres- 
sions are detected on the KRET input from a 
74LS151 8-to-1 multiplexer. Each key depres- 
sion is debounced, encoded according to the 
states of the SHIFT and CONTROL. inputs, 
and presented to the CPU. Repeat and 'typo- 
matic’ (auto-repeat) functions are processed 
automatically by the PKCC. 


Memory Allocation 
The 4K bytes of available buffer memory 
were allocated as follows (all addresses are 
in hex): 
~ 0000 to OO04F: display data for row 
25, status line 
~ 0050 to 0075: not used 
~ 0076 to 007F: CPU scratchpad 
~ 0080 to O7FF: display data for rows 1 
to 24 
- 0800 to OFFF: not used, available for 
second page of display data 


The PVTC's ‘display buffer first address' and 
‘display buffer last address’ registers are 
loaded with the values 0080 and 07FF re- 
spectively so as to cause this portion of the 
RAM to act as a circular buffer. Initially the 
display data is organized in the RAM as 
follows: 
- 0080 to OOCF: row 1 data 
~ OODO to O11F: row 2 data 
e ‘ 
@ 
@ 
- 07B0 to O7FF: row 24 data 


When a scroll operation is required, the CPU 
changes the value in the PVTC's ‘screen 
start’ register from 0080 to CODD. This effec- 
tively shifts the displayed data up one row. 
Upon reaching the specified last buffer ad- 
dress (which is now the last character in row 
23), the PVTC automatically changes the 
addressing sequence to resume starting at 
0080 for the 24th row. The display data is 
now organized: 
~ 00DO to O11F: row 1 data 
- 0120 to 016F: row 2 data 
@ 
e 
® 
- 07B0 to O7FF: row 23 data 
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~ 0080 to OOCF: row 24 data 


The CPU can clear the previous data in 0080 
to OOCF so that a blank row appears in the 
24th position. 


The status line (row 25) data is kept in a 
separate section of RAM to eliminate the 
necessity of moving the data whenever the 
scrolling operation described above occurs. 
Thus, the PVTC must be instructed to change 
its addressing sequence at the beginning of 
the 25th row. This is accomplished by use of 
the split screen row interrupt capability. IR10, 
the ‘split screen interrupt row' register, is 
initialized so as to cause an interrupt to be 
issued at the beginning of row 24. The CPU 
responds to this interrupt by changing the 
value in the screen start register to 0000. The 
PVTC then uses this value as the starting 
address of the next (25th) row, causing the 
status line to be displayed in that position. 
The CPU must re-load the screen start regis- 
ter before the end of the vertical blanking 
interval with the correct value for the first 
character to be displayed on the screen. 


Terminal Software 

Because the 8035 microcomputer used in the 
terminal provides only a single interrupt level, 
a totally interrupt driven software design 
could not be used. The interrupt was as- 
signed to the PVTC to service the split screen 
interrupt described above and the operations 
required to implement the smooth scroll fea- 
ture. The keyboard and datacomm functions 
are serviced by polling the PKCC status 
register. Both the keyboard interface and 
UART receiver are double buffered in the 
PKCC, preventing overrun even if they are not 
serviced immediately. 


The program generally follows the typical 
program flow described previously. At system 
reset the 8035 interrupts are disabled, data 
memory and display memory are cleared to 
zeroes, and both the PVTC and PKCC are 
master reset through software commands. 
The system option switches are then read 
and stored and the PVTC and PKCC internal 
registers are initialized for the selected opera- 
tion. Finally, the initial data for the status line 
is loaded, the PVTC, UART, and keyboard are 
enabled, and the CPU interrupt is enabied. 
The program then enters a loop where the 
PKCC is checked for keyboard or UART 
entries. If an entry has occurred, the charac- 
ter is fetched and stored in a software con- 
trolled FIFO (first-in-first-out) memory which is 


'A data package for the design, including details of operation, schematic, and program listing, is available upon request by writing to: 


Signetics Corporation 
Microprocessor Applications Dept. 
Mail Station 2576 

P.O. Box 3409 

Sunnyvaie, CA 94088-3409 


February 1985 


982 


ge6} Aleniqes 


DISPLAY ADDRESS BUS TIMING 


LINE ADDRESS 


PROGRAM 
MEMORY 
2716(2) 


CURSOR 


74L$373 : 


DISPLAY 
MEMORY 
2147 
(8) 


00-07 


TIMING 
74LS123 


HSYNC 
VSYNC 
CURSOR 
BLANK 


ATTRIBUTES 


RAM DATA BUS 


eee) TUNE ) 


AS TILV1 Fo) 
au: : 
HSYNC 
FROM 
PVTC , VSYNC 6) 


£86 


CPU DATA BUS 


SWITCH 
DECODE 


MODEM CONTROLS 


74LS253 
(3) 


ll 


17.5 MHZ 


CONTROL K 
REPEAT 


BDO0510S 


Figure 11. IBM 3101 Emulation Block Diagram 
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eight bytes deep for both receiving or trans- 
mitting characters (the need for the FIFO is 
described below). If either FIFO has an entry, 
the program proceeds to a character recogni- 
tion routine which checks for. the type of 
character (displayable or control) and the 
appropriate handling subroutine (ESC se- 
quence, control sequence, cursor control, 
character display, etc.) is called. If the FIFO's 
are empty, the polling routine checks the 
option switches for any changes since reset 
entry and if so reconfigures the system as 
necessary. 


The need from the FIFOs results from the 
method used to effect the clear row function 
required when a scroll is performed. Although 
the PVTC includes a ‘clear from cursor to 
pointer’ command that can be used to clear a 
block of memory rapidly, the display is tempo- 
rarily blanked during this operation. This 
would cause undesirable flashes on the dis- 
play. Instead, the program does the function 
by a repetitive loop using the 'write at cursor 
and increment’ command. Since the write 
‘ occurs only once per scan line during the 
active display window, a worst case total of 
approximately 80 scan line times is required 
to execute the routine. This would limit the 
maximum received character rate to approxi- 
mately one per 80 scan lines or about 240 
characters per second (2400 baud). To over- 


come this limitation, the PKCC is also polled 


each time through the clear line subroutine 


loop, and any entries from the receiver or 
keyboard are stored in the appropriate FIFO. 
Since the FIFO is eight deep, this allows eight 
characters to be received in the same time, 
increasing the maximum baud rate to 19,200. 
(Other program limitations actually reduce the 
maximum baud rate to 9600 baud). However, 
this does not increase the rate at which 


’ characters which cause a scroll function to 


occur, such as a line feed, can be received. 
Each character of this type must be followed 
by ‘fill’ characters in order for data rates 
higher than 2400 baud to be used. 


An interrupt from the PVTC will occur when 
the display scan reaches the row count pro- 
grammed in its split screen address register, 
row address 24 (for the 24th row). In re- 
sponse to the interrupt, the CPU loads the 
screen start registers with the address of the 
status line (0000) and enables the PVTC's 
line zero interrupt. This causes another inter- 
rupt at the beginning of display of the status 
line. At this time the CPU reloads the screen 
start register with the proper address to begin 
the next display frame and disables the line 


zero interrupt. 


If scrolling is required the screen start register 
value is incremented by 80 (popping off the 


CHAR/ROW | 
| : (IRS) 


top row) and the effective bottom row cleared 
to nulls. If soft scrolling is selected, additional 
functions are performed during the interrupt 
routines. To begin the operation, the line zero 
interrupt routine adds ten lines to the vertical 
back porch. This causes the next active 
screen display to begin ten scan lines later 
than normal and gives the effect of the 
display moving up two scan lines (12 lines per 
character row — 10) instead of jumping up 12 
lines. If nothing else were changed, however, 
the bottom of the display would move down 
ten lines. thus, during the row 24 interrupt the 
number of scan lines per character row is 
changed to two (12-10), causing only the 
first two scan lines of that row to be shown. 
The next line zero interrupt (at row 25) 
restores the lines per row count back to 12 to 
keep the whole status line showing, and now 
changes the vertical back porch to 8. The 
display moves up two more scan lines and at 
the next row 24 interrupt four scan lines are 
shown. The process continues in this manner, 
providing the effect of the entire display, 
except for the status line, smoothly scrolling 
up over a selected interval of six frames, or 
one tenth of a second. 


Timing Calculation Example 

The AVDC register values need to be calcu- 
lated to provide suitable drive signals for the 
selected monitor. In the following example, 
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each character will be contained in a 8 dot by 
10 line field with a total of 24 rows displayed. 


The total number of active scan lines will be 
10 x 24 or 240. An estimate of the horizontal 
refresh rate required for the monitor can be 
made using the following formula assuming a 
screen refresh rate of 60Hz with a vertical 
retrace of 10 percent of the active scan lines: 


Horizontal frequency = 
(60) x (240) x (1.1) = 15,840Hz 


In order to calculate the IR register values of 
the AVDC, the CRT monitor characteristics 
need to be obtained. An NEC monitor was 
used for the worksheet. The major timing 
specifications for the monitor are: 


Horizontal frequency: 15.75KHz 
Horizontal retrace: 15.5us 
Horizontal sync width: 4.76us 
Vertical frequency: 60Hz 
Vertical retrace: 1.43ms 
Vertical sync width: 0.19ms 


Monitor timing definitions are shown in figure 
12. The worksheet illustrated in table 2 can 
be used to compute the required timing and 
associated PVTC register values. Some 
rough guesses are required initially and sev- 
eral iterations through the worksheet may be 
required. 


The worksheet can be used to determine the 
dot clock frequency required given the moni- 
tor characteristics above, the number of char- 
acters per row, the number of dots per 
character, the number of character rows per 
screen, and the number of scan lines per 
character row. The horizontal sync width was 
estimated by the ratio of the sync width time 
with respect to the retrace time given in the 
monitor information above. The horizontal 
and vertical front and back porches were 
estimated from the remaining time left during 
the retrace. 
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TIMING WORKSHEET 


Horizontal Character Block (number of dots) 
Vertical Character Block (number of scan lines) 
Vertical Refresh Rate, Hz 

Horizontal Line Rate, KHz 

Characters Per Row 

Character Rows Per Screen 

Total Active Video Scan Lines (step 2 X step 6) 
Total Scan Lines Per Frame (step 4 / step 3) 
Vertical Retrace Interval (step 8 — step 7) 
Vertical Front Porch (number of scan lines) 
Vertical Back Porch (number of scan lines) 
Vertical Sync Width (number of scan lines) 
Horizontal Scan Line Rate, us (1 / step 4) 
Horizontal Active Video Time, us 

Horizontal Retrace Time, us 

Horizontal Retrace Time (character time units) 
(step 15 / [step 14 / step 5]) 

Horizontal Back Porch (character time units) 
Horizontal Sync Width (character time units) 
Horizontal Front Porch (character time units) 
Total Character Time Units in One Horizontal 
Scan Line (add steps 5, 17, 18, and 19) 
Equalizing Constant 

([step 20 / 2 ] - [2 X step 18]) 

Character Clock Rate, MHz (step 20 X step 4) 
Character Period, us (1 / step 22) 

Scan Line Period, us (step 23 X step 20) 

Dot Clock Rate, MHz (step 22 X step 1) 
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INTRODUCTION 

The Signetics CRT chip set consists of 
four LS! devices which, when combined 
with standard microcomputer, mernory, 
and TTL products, permit the implemen- 
tation of a CRT terminal in as few as 15 
total packages. The four LSI devices 
are: 

2670 Display Character and 
Graphics Generator (DCGG) 

The 2670 is a mask programmable line 
select character generator which con- 
tains the dot patterns for 128 10x9 
characters. It also provides a semi- 
graphics capability wherein the 8-bit 
character code is translated directly into 
256 graphic patterns useful for present- 
ing data such as graphs and forms on 
the CRT display. Additional features of 
the DCGG include character and line 
address latches, internal descend logic 
and thin line graphics. 


2671 Programmable Keyboard 
and Communications Controller 
(PKCC) 

The 2671 provides a versatile keyboard 
interface and an asynchronous commu- 
nications interface in a single package. 
The keyboard section handles the scan- 
ning, debounce, and encoding of me- 
chanical or capacitive keyboards with up 
to 128 keys utilizing any of four program- 
mable rollover modes. An internal ROM 
provides any of four key codes for a 
depressed key. The communications 
section is a universal asynchronous re- 
ceiver and transmitter (UART) with pro- 
grammable character length, parity, and 
stop bits. A baud rate generator provid- 
ing 16 standard communications fre- 
quencies which operates directly from a 
crystal is also incorporated in the 2671. 


2672 Programmable Video 
Timing Controller (PVTC) 

The 2672 is designed for use in CRT 
terminals and other display systems that 
employ raster scan techniques. It gener- 
ates the vertical and horizontal timing for 
the CRT monitor, and provides the ad- 
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dressing for the display buffer memory 
The CPU to display buffer interface can 
be programmed for several different 
modes of operation, including full screen 
buffer, multiple page buffer, or row buff- 
er, as required by the application. Pro- 
grammiable features of the PVTC include 
screen format (characters per row, scan 
lines per row, rows per screen), horizon- 
tal and vertical timing parameters, Cursor 
type, interlaced or non-interlaced opera- 
tion, and character and cursor blink 
timing. 

2673 Video and Attributes 
Controller 

The 2673 is a bipolar LSI device that 
contains the high speed timing circuits 
required in CRT terminal systems. In- 
cluded on the 2673 are a dot clock 
counter, video shift register, field and 
character attributes logic, and cursor 
display circuits. The 2673 attributes ca- 
pabilities are reverse video, character 
blank, blink, underline, highlight, light 
pen, and graphics. The device provides 
both TTL and analog video outputs and 
operates at dot frequencies up to 
25MHz. 


Individual data sheets are avaiiable 
which describe each of the devices in 
full detail. A previously published apoli- 
cation note entitled "Using the 2670/ 
71/72/73 CRT Terminal Chip Set'' 
(AN401), describes the implementation 
of CRT terminals using the chip set. The 
purpose of this application note is to 
provide information on the implementa- 
tion of special end-product features. 


SMOOTH (SOFT) SCROLLING 

Scrolling is used in CRT terminals to 
provide the effect of an ‘endless page'' 
on which the data can be written. In 
normal implementations, once the 
screen fills up, the space for the next 
row of data is provided by removing the 
top row and moving all the remaining 
rows up by one row, thus creating a 
biank data row at the bottom of the 
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screen into which the new information is 
placed. (The process may be reversed if 
the new data is to be written at the top of 
the screen). This technique creates a 
readability problem when viewing data 
which is being received at a relatively 
high speed, since the rows are jumping 
up (or down) at a fast rate. Smooth or 
soft scrolling improves readability by 
moving the data in scan line increments 
instead of in whole row jumps, thus 
creating the effect of a sheet of paper 
slowly being moved through the viewing 
area. One system restriction of providing 
the smooth scrolling feature ts that the 
rate at which new rows of data can be 
received is limited to the rate at which 
the display is being moved. Thus, suc- 
cessive line feeds must be separated by 
a minimum number of real or dummy 
fill” characters in order to allow the 
display to keep up with the received 
data. The number of fill characters will 
be a function of the number of scan lines 
per character row, the scroll rate, and 
the communications line speed, and 
may also be affected by the inclusion of 
software and/or hardware features such 
as a data buffer in the system design. 


When using the CRT chip set, smooth 
scrolling can be implemented in soft- 
ware only, or with a combination of 
hardware and software. 


Software Only Method 
The software only method of smooth 
scrolling uses the 2672's capability to 
program the scan lines per row and the 
vertical back porch, and the ability to 
program an interrupt to occur at any row 
by programming the row value into the 
split screen register, IR10. Three limita- 
tions of this method are: 

1. Scrolling must be in an upward direc- 
tion. 

2. The screen area that is scrolled must 
start at the top of the display but can 
end at any row. 

3. The minimum scrolling increment is 
two scan lines. 
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The flowchart in figure 1 shows the steps 
necessary for scrolling starting at the top of 
the screen and ending at character row 23', 
with an additional non-scroiling row at row 24. 
The IR10 value is set to 23, to cause an 
interrupt to occur at row 23. This interrupt 
routine then enables the line zero interrupt, 
so that another interrupt occurs at row 24. 
The line zero (row 24) interrupt routine disa- 
bies the line zero interrupt so that another line 
zero interrupt is not asserted until the split 
screen (row 23) interrupt routine enables it 
again. 


When a scroll is desired, the system software 
changes the screen start address to the new 
value (normaily an address ''n'' characters 
higher than the previous value, where ''n" is 
the number of characters per row) and sets a 
scroll flag. The top row disappears and nor- 
mally the display would jump up by one row. 
However, the line zero interrupt routine notes 
that the scroll flag is set and adds the value 
"s-2"" (s = scan lines/row) to the vertical 
back porch (IR3). This causes the next active 
screen display to begin ''s-2"' lines later than 
normal and gives the effect of the display 
moving up two scan lines instead of jumping a 
full row. If nothing else were changed, howev- 
er, the bottom of the display would move 
down the same number of scan lines. Thus, 
during the split screen interrupt routine the 
number of scan lines per character row (IRQ) 
is changed to two, causing only the first two 
scan lines of that row (which is the new row) 
to be displayed and maintaining the proper 
value tor the total scan lines. The next line 
zero interrupt restores the lines per row value 
back to its normal! state to display the whole 
of the last character row, and now decreases 
the vertical back porch increment by two. The 
display moves up two more scan lines and at 
the next split screen interrupt four scan lines 
are allowed. The process continues in this 
manner until the scroll is completed. 


Note that the CPU must complete the split 
screen interrupt routine within two scan line 
times. 


Hardware/Software Method 

The hardware/software method of smooth 
scroll removes the restrictions of the software 
only method. The scrolling region can begin 
and end at any character row, scrolling can 
be performed in either the up or down direc- 
tion, and the minimum scroll increment can 
be one scan line. 


A block diagram of the required hardware for 
the case of full screen scroll is illustrated in 
figure 2. When scrolling is required, the CPU 
writes the number of scan lines to scroll into 
the 4-bit latch during the vertical retrace 
interval, The scan line adder detects when 


the sum of the offset and the scan line 
address is greater than the programmed 
number of scan lines per row and causes the 
RAM address to be automatically offset to the 
next character row by the n-bit RAM address 
adder. The CPU adjusts the value in the scan 
lines to scroll latch at desired intervals, e.g., 
each vertical retrace, to effect the smooth 
scroll. When the scroll is completed, the 
screen start address is changed to the new 
value required for the top character row. 


lf only a partial screen scroll is required, the 
hardware must be modified to cause the 
offset to be applied only during the scrolling 
area. The lines to scroll latch of figure 2 is 
replaced by the circuit shown in figure 3. The 
software is written with split screen interrupts 
at the row before the first row which is to be 
scrolied (interrupt 1) and at the last scrolled 
row (interrupt 2). The required program ac- 
tions are as follows: 

1. During vertical retrace, the screen start 
address for the non-scroiled region at the 
top of the screen is loaded and |IR10 is 
loaded with the row number required for 
interrupt 1. 

2. During interrupt 1, a new screen start 
address for the scrolled region is loaded 
(if required), IR10 is loaded with the value 
required for interrupt 2, and the lines to 
scroil latch is loaded with five bits of data 
consisting of the four bit lines to scroll 
value plus an asserted ''scroil'’’ bit. The 
hardware will cause the scan line offset 
to be applied to the adder at the begin- 
ning of the next character row, as re- 
quired. 

3. During interrupt 2, a new screen start 
address for the non-scrolled region at the 
bottom of the screen is loaded (if re- 
quired), and the ''scroll’’ bit is negated. 
The hardware will cause the scan line 
offset to be removed from the adder at 
the beginning of the next character row, 
as required. If the scroll region extends to 
the bottom of the visible screen, this 
interrupt is not required. Note that the 
time required to service this interrupt will 
determine the minimum number of scan 
lines per scrolling increment. 


HORIZONTAL SCROLL 

Horizontal scrolling allows the terminal to be 
used to read or write pages which are wider 
than the actual screen width. For example, if 
an actual page width of 132 characters is to 
be displayed on a terminal with a capacity of 
80 characters per row, horizontal scrolling 
can be used to display any desired 80- 
character ''window'' of the 132-character 
row. The window can be moved in response 
to operator keyboard commands, allowing all 


132 columns to be observed. The CRT set 
capabilities allow horizontal scrolling in single 
or multiple character increments to be imple- 
mented using software only. As described in 
the 2672 data sheet, changing the contents 
of the screen start address register during a 
particular row, say row ‘'n'', will cause the 
display of the next row, ''n+ 1", to begin 
from the new address. This feature, together 
with the capability to interrupt at every row via 
the line zero interrupt, can be used to update 
the contents of the screen start register once 
each row to effect the horizontal scroll. The 
software operations required are as follows 
(see figure 4): 

1. During the vertical retrace interval, the 
screen start register is initialized with the 
starting memory address of the display 
page plus the desired horizontal scroll (in 
characters). 

2. The line zero interrupt is enabled. During 
each interrupt service the value in the 
screen start address is incremented by 
the actual (not display) page width. This 
may be done either by referencing a table 
of starting addresses or by performing 
the required addition. 


COLOR DISPLAY INTERFACE 
Figure 5 illustrates the block diagram of a 
color monitor interface. Eight colors for fore- 
ground and background with three attributes 
are supplied. The system operates in the 
character attribute mode with a 16-bit word of 
data for each character: seven bits for char- 
acter select, six bits for color select, and 
three bits for other attributes. 


The two 74LS374s delay the color informa- 
tion by two CCLKs to allow for the two CCLK 
delays of dot data through the DCGG and 
VAC. The video output of the VAC selects 
foreground or background color (active dot or 
not) for each character cell via the 74LS157 
multiplexer. A variable CCLK delay may be 
required to synchronize the delay of the color 
information through the latches to the delay 
of the video data from the VAC. 


EXTERNAL VIDEO SYNC 

Some applications require overlaying of char- 
acters on an existing video display. An exam- 
ple of this is the addition of subtitles to a 
picture display. Figure 6 illustrates a simple 
technique of externally synchronizing the 
2672 PVTC to an external video source. The 
dot clock to the 2673 VAC is stopped (char- 
acter clock falling edge) at the start of the 
PVTC's sync interval and restarted upon 
occurrence of the external sync signal. The 
sync timing programmed in the 2672 must be 
slightly faster than the external sync rate. 


‘Rows are numbered consecutively starting with row 0. Thus, row 23 is the twenty-fourth row of characters. 
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INTERRUPT ENTRY 


FIRST ROW OF STATUS REGION NO SPLIT 


INTERRUPT 
? 


YES LAST ROW OF SCROLLING REGION 


WRITE REQUIRED SCAN 
LINES/ROW INTO PVTC 
§RO FROM (XXX) 


RESTORE SCAN LINES/ROW 
IRO TO NORMAL VALUE 


DISABLE LINE ZERO INTERRUPT WRITE SCREEN START REGS 


TO FIRST ADDRESS OF 25th 
STATUS ROW 


WRITE SCREEN START REGS TO 
; FIRST ADDRESS OF DISPLAY | 


FROM (YYY) ENABLE LINE ZERO INTERRUPT 


~ (XXX) 


= NORMAL 
SCAN LINES PER 


ROW 
? 


| YES 


i RESET SCROLL FLAG 


YES 


SET (XXX) TO TWO 


INCREMENT (XXX) 
SCAN LINES/ROW | BY TWO SCAN LINES 


PER ROW 


INCREMENT (YYY) BY NUMBER | 
OF CHARACTERS IN A ROW 


INCREASE VERTICAL BACK 


PORCH BY NORMAL NUMBER OF | 
SCAN LINES/ROW — (XXX) 


RESET INTERRUPTS AND 
RETURN 


(XXX) 
(YYY) INTERNAL CPU REGISTERS 


PF00340S 


Figure 1. Smooth Scroll Flowchart 
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PYTC 
ADORESSES 
BATA 
BUS - 
LOAD 
SCROLL 
BD00220S 
NOTES: 
1. Hardwire adder inputs to number of characters per row. 
2. Carry logic asserts output when output of adder exceeds normal scan lines/row. 
Figure 2. Smooth Scroll Hardware Biock Diagram 
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LOAD 
SCROLL 
Lb00440S 
Figure 3. Partial Screen Smooth Scroll Modification 
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INTERRUPT 


NO (VBLANK INTERRUPT) 


ADD ACTUAL CHARACTERS 
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SCREEN START REGISTERS 
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SCREEN START REGISTERS 


RESET LINE ZERO 
INTERRUPT 


RETURN 


WRITE PAGE START 
ADDRESS PLUS HORIZONTAL 
SCROLL INTO SCREEN 
START REGISTERS 


RESET VBLANK 
INTERRUPT 
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Figure 4. Horizontal Scroll 


SCAN LINE COUNT GREATER 
THAN 16 


Certain applications may require more scan 
lines than the 16 scan lines per character row 
(non-interlaced) which the 2672 can provide. 
Figure 7 shows the hardware required to 
obtain up to 32 scan lines per character row. 
The PVTC must be programmed for double 
height character rows. This causes the scan 
line count outputs from the 2672 (DADD4- 
DADD7) to increment once every two scan 
lines. The external flip-flop toggles each scan 
line to provide a fifth bit of scan line count 
information for the character generator. The 
technique permits any even value of scan 
lines per character row from 2 to 32 to be 
obtained. 


BIT MAPPED GRAPHICS 
Figure 8 illustrates an implementation of a bit 
mapped display with the chip set. In this 
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configuration, the contents of the memory will 
be displayed without character generator 
translations. Thus, each bit in the memory 
corresponds to a single pixel on the display. 
Each horizontal scan line is defined by a 
contiguous set of bytes in the RAM. The data 
is written in groups of 8 bits by the CPU and is 
accessed by the PVTC in groups of 8 bits. 
The character generator of a normal alpha- 
numeric configuration is replaced by an 8-bit 
latch to implement the one CCLK delay 
normally provided by the 2670. The PVTC 
can be programmed for one scan line/row to 
cause the memory addressing to proceed 
without repetition of addresses in each row. 


The PVTC can be programmed to a maximum 
of 256 characters/row and 128 rows/screen. 
Thus, a 2048 by 128 bit map is possible. If 
more than 128 dots are required vertically, 
the PVTC can be programmed for more than 
one scan line/row and the scan line outputs 
can be used as part of the RAM address, 
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creating several segments of memory. For 
example, if 256 lines are required, the PVTC 
must be programmed for two lines/row. The 
use of LAO as part of the memory address 
creates two segments. The CPU writes the 
data for odd scan lines in one segment of the 
memory and the data for even scan lines in 
the other. As the PVTC accesses the RAM 
the scan line count will go from 0 to 1 
addressing the even and then odd portion of 
the RAM for each character row. 


Figure 8 shows the DCGG as optional. By 
using the 2672's split screen capability and 
changing 2672 parameters, the CPU can 
enable the DCGG to be active for a portion of 
the screen thereby incorporating both bit- 
mapped and alphanumeric sections on the 
same display. 
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Figure 5. Color Display Block Diagram 
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Figure 6. External Sync Lock 
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Figure 7. Greater Than 16 Scan Lines Per Row 
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Figure 8. Implementation of Bit Mapped Display 
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TEA2000 


PAL/NTSC COLOUR ENCODER 


GENERAL DESCRIPTION 


The TEA2000 is a monolithic integrated circuit, which encodes colour information and provides 
composite video output for driving a VHF or UHF modulator. 


Features 


@ European PAL and American NTSC/M standard selectable 

@ Internal generation of burst timing and PAL-switch-function 

® 6 bit binary TTL compatible input provides 64 different colours 
e TTL compatible colour blanking input 

@ TTL compatible sync input 


QUICK REFERENCE DATA 


pa eR A LS 


Supply voltage V11-9 typ. 12 V 
Supply current at V174.9= 12 V 44 typ. 55 mA 


Input voltage 


V max. 08 V 
pins 1,2,3,4,5,14,16,17,18 ie an a 
Composite video output 
(sync tip to white) V6-9(p-p) typ. 2,0 V 
Operating temperature range Tamb Oto+70 9C «— 
PACKAGE OUTLINE 
18-lead DIL: plastic with internal heat spreader (SOT-102HE). 0 tt 
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Fig. 1 Block diagram. 
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PAL/NTSC colour encoder | TEA2000 


PINNING 


Red 1 binary input 

Green O binary input 

Green 1 binary input 

Blue O binary input 

Blue 1 binary input 

Composite video output 
luminance output to delay line 
Luminance input from delay line 
Ground 0 volt 

10. Chrominance band limiting 

11. Supply voltage 


12. Oscillator inputs 7,16 MHz crystal for NTSC 


OVO OP aN > 


13. 8,86 MHz crystal for PAL 
14. PAL/NTSC switch 
15. Ramp 


16. Composite sync input (CSYNC) 
17. Composite blanking input (CBLNK) 
18. Red O binary input 


FUNCTIONAL DESCRIPTION 


The TEA2000 PAL/NTSC colour encoder and video summer integrated circuit has an internal oscilla- 
tor from which the (R-Y) and (B-Y) waveforms are generated. The TEA2000 accepts timing signals 
(composite sync, composite blanking) and a 6 bit binary coded input giving colour information. The 
inputs are organized as 2 bits per primary colour and gamma correction is applied to the resultant 
luminance and chrominance levels. Each of the equally spaced intensity levels (for each primary colour) 
is combined with those of the other primary colours. This produces 64 output colours comprising a 
wide range of saturated and desaturated colours, black, white and two levels of grey. The resultant 
output is a composite video signal compatible with the PAL and NTSC/M standards. 


PIN DESCRIPTION 


RO, R1, GO, G1, BO, B1, pins 18, 1,2,3,4 and 5. 
These are the red, green and blue logic inputs. 2 bits per primary colour. These inputs are TTL compa- 
tible. | 


CSYNC, pin 16. 


Composite sync input requiring a negative logic signal, TTL compatible. For PAL operation the field 
sync must include line sync information. 


XTALA, XTALB, pins 12 and 13. 


Oscillator inputs. A crystal in series with a trimmer capacitor is connected between pins 12 and 13. 
The output of the oscillator is divided to provide the four subcarrier phases required in the encoder. 
The crystal frequencies are: 


PAL mode 8,867238 MHz 
NTSC mode 7,15909 MHz 


LUMO, LUMI, pins 7 and 8. 


Luminance output and input. The combined luminance and sync signal appearing at pin 7 must be d.c. 
coupled to pin 8 via an appropriate luminance delay line or resistor network. Resistors must have a 
tolerence of + 5%, or better, as they affect the d.c. level at COVO, pin 6. 7 
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CHRBL, pin 10. 


Chrominance filtering can be accomplished by connecting a chrominance frequency tuned filter 

(4,43 MHz or 3,57 MHZ), via a blocking capacitor to pin 10. This point is the chrominance summing 
junction and has a nominal internal impedance of 1,5 kQ. If a filter is used at this point then the 

delay caused to the chrominance signal should be compensated by an appropriate luminance delay line. 


COVO, pin 6. 


Composite video output is internally buffered giving a nominal output voltage swing of 2 V sync-white 
and a nominal sync 5 V level. 


PL/NT, pin 14. 
PAL/NTSC, select input selects PAL mode when HIGH and NTSC mode when LOW. This input is 
TTL compatable. An internal pull-up resistor selects PAL if the pin is not connected. 


RAMP, pin 15. 


Ramp timing component connection. A capacitor and resistor connected to pin 15 provide timing 
information for the colour burst and for PAL phase switching. Alternative components may be used 
to optimise for NTSC operation. 


Vcc, pin 11. 
12 volt supply. 


GND, pin 9. 
Ground connection, zero volts. 


CBLNK, pin 17. 


Blanking input when high, switches off colour inputs. CBLNK must be high during sync and colour 
burst unless colour inputs are all low at this time. This input is TTL compatible. 


RATINGS 
Limiting values in accordance with Absolute Maximum System (IEC 134) 


na RN Ne EN IERIE 


Supply voltage V11-9 max. 13,2 V 


Voltages, pin 1,2,3,4,5,14,16,17,18 max. Vi1-9 V 
Storage temperature —20 to +125 OC 
—w» Operating ambient temperature | Oto+ 70 9C 
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PAL/NTSC colour encoder 


CHARACTERISTICS 


V11-9 = 12 V; Tamb = 25 OC; measured in Fig. 3 unless otherwise specified 


_parameter 
Supply 


Supply voltage 
Supply current V14-9 = 12 V 


Oscillator stability, pins 12 and 13 


Crystal type 4322 143 04051 
Vp = 10,8 to 12 V 
Vp=12to 13,2 V 


Digital inputs 
CSYNC, CBLNK, PL/NT pins 16,17,14 
RO,R1,G0,G1,B0,B1 pins 18,1,2,3,4,5 
Vin (LOW) 
Vin (HIGH) 
Input capacitance 
Input rise and fall times 
CSYNC, CBLNK, RO,R1,G0,G1,B0,B1 
pins 16,17,18,1,2,3,4,5 
Input current d.c. for Viyy =O V 
Input current d.c. for Viy = 2 V 
PL/NT, pin 14 
Input current d.c. for Vjyy =O V 
Input current d.c. for Vi = 2 V 


Composite video output, pin 6 
Output amplitude (sync tip-white) 
Sync tip level 
Output load resistor 
Variation of output amplitude 
Tamb = 0 to +70 °C 
Over supply range 
V11-9 = 10,8 to 13,2 V 
Output impedance (with 1 kQ load) 
Residual chrominance on white 
Tolerance on luminance amplitude 
Tolerance on chrominance amplitude 
Tolerance on chrominance phase 


Chrominance band limiting, pin 10 
Internal resistance 


Luminance delay, pins 7 and 8 


Nominal series resistor (+5%) 
Nominal load resistor at luminance input (+5%) 


Ramp timing, pin 15 (see Fig. 4) 
With external RC circuit 
R = 36 kQ; C = 330 pF (note 1) 
Start of burst from line sync 
Burst width 
Threshold for seperation of equalizing 
pulses and sync pulses 


symbol 


V11-9 
111 


Rs 
Ru 


th 


t 


min. 


10,8 


36 


typ. 


12 
55 


— O13 


O,/ 
2,5 


44 


TEA2000 
max. unit 
13,2 V 
—_ mA 
- Hz 
— Hz 
08 V 
V11-9 V 
10 pF 
200 ns 
—100 LA 
20 UA 
—500 LA 
—200 BA 
— V 
— V 
_ kQ 
tbf % 
tbf % 
— Q2 
_ mV 
— % 
— % 
— % 
_ kQ2 
_ kQ 
—- k&2 
ae Us 
= Ms 
56 Es 


Note: 1. A figure of 5 pF is assumed for external capacitance. This figure includes temperature 


dependence of the components. 
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Fig. 2 Internal circuit details and typical external connections. 
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Fig. 3 Ramp timing. 
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MEA8000 


VOICE SYNTHESIZER 


GENERAL DESCRIPTION 


The MEA8000 is a 24-pin N-MOS integrated circuit for generating good quality speech from digital 
code with a programmable bit rate. The circuit is primarily intended for applications in microprocessor 
controlled systems, where the speech code is stored separately. 


Features 


@ |nterfaces easily with most popular microprocessors and microcomputer 
8-bit wide data bus 

32-bit wide data buffer holding speech frame codes 

Digital filter of 8th order with 3 programmable formant frequencies, one fixed formant frequency, 
and 4 programmable formant bandwidths 

Programmable amplitudes 

Programmable duration of each frame; 8, 16, 32 or 64 ms 

Synthesis occupies less than 1% of control processor time 

Capable of sophisticated unvoiced sound generation 

Crystal controlled oscillator or external (TTL) clock 

Minimal external audio filter requirement 

Single + 5 V power supply 


QUICK REFERENCE DATA 


Supply voltage pin 13 VoD 4,5 5,0 5,5 V 
Supply current no audio load IDD ; 30 50 mA 
Inputs 

Input voltage HIGH Vi | 2,0 — VpD V 
Input voltage LOW VIL | —O,5 — 0,8 V 
Input capacitance Cj _ _ 7 pF 
Outputs 

Output voltage —IQH = 100 pA VOH 2,4 _ = 1 MV 
Output voltage lot = 1,6mA VOL — — 0,4 | Vv 
Capacitance CL — — 30 pF 


Operating ambient 
temperature range 


Tamb 0 _ +70 OC 


PACKAGE OUTLINE 
24-lead DIL; plastic (SOT-101A). 
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COMMAND 
CE © | 7 
ae diene | geo | SYNTHESIZER} 
es ___] (INCLUDING 
ANC PROCESSOR STROBE tT Hee? 4! WAVEFORM 
D7 0 DATA =o. | . 
INTERFACE | ace i | ay! 
DOtoD6 >) | _ START REG | 
? | PARAMETER 
SPEECH 
REQEN © > FRAME <> caer rg 
O 
RE DATA REG INTERPOLATION 


OSC OUT oO 
: D/A 
OSCILLATOR TIMING 
OSC IN ¢ oe 7] CONVERTER 
CLK IN O . | | 


Vss O 

Vpp 0 

n.c. O O ; O O 

7280537 EEREUE OUT REF 
Fig. 1 Block diagram. 
PINNING 
1 Vss ground 
2 REO | data request 
; = ground = Vsg | TEST test use only 
5 D5 data request REQ W write 
: = data bus D7 R/W read/write 
8 D2 | D6 CLK OUT — internal clock output 
if D5 | OUT speech output 
11 AO data/control input D4 REF reference current 
12 CE chip enable ora nes | MEA8000 
: eas 
13 Vpp supply voltage D3 CLK IN clock input 
14 REQEN request enabie input D2 OSC OUT | 
15 N.C. not connected internal oscillator 
POSS INE Nett sete tes o1 [9 | [16 | OSC IN 
interna! oscillator 

17 OSCOUT f po [rol Fs] nec 
18 CLK IN clock input | | 
19 REF reference current data/control AO a | REQEN _ request enable 
20 OUT speech output chip enable CE 13 | Vpp supply voltage 
21 CLK OUT internal clock output eee we | 
22 R/W read/write 7280538 
23 W write 


24 TEST test use only Fig. 2 Pinning diagram. 


1006 October 1984 


Voice synthesizer MEA8000 


FUNCTIONAL DESCRIPTION (pin number) 
Control 


DO to D7 (10 to 3) Data bus to which command or speech can be written. 


D7 (3) Data port via which the status can be read. 
CE (12) Chip enable (chip select). 

W (23) Write. 

R/W (22) Read/Write 


The control signals W and R/W allow connections to most microcomputers 
or microprocessors (see timing diagrams). 

AO (11) Data/control input: discriminates between speech code input buffer 
(AO = ‘0’) and command register (AO = ‘1’) during a ‘write’ operation. 

REQ (2) Data request (open drain output); output signal which follows inverse of the 
status REO bit, but only if enabled by either the ROE bit in the command 
register or the external REOEN pin. 

REQEN (14) Request enable input; REQEN = ‘0’ enables the status REQ output, 
independent of the status of the command register. 


Timing 
OSC IN (16) 


| Connections for internal clock oscillator; nominal crystal frequency 4 MHz. 
OSC OUT (17) u en 


CLK IN (18) Clock input for external clock, TTL compatible, 4 MHz. 

CLK OUT (21) A buffered output for the internal clock cycle (which is equal to CLK 
divided by 3). May be used as a clock, for a microprocessor, for example. 

Output 

REF (19) Input pin for biasing the audio output level. This reference current can be 
derived from a resistor to the positive supply. 

OUT (20) Speech output; this output is a 64 kHz pulse, modulated in both width and 
amplitude. It is configured as a current sink with a saturating voltage of 
about 3 V. 

Supply 

VpD (13) Single supply voltage, nominally 5 V, but battery operation is possible. 

Vss (1) Ground. 

TEST (24) Used for testing purposes. Changes other pin functions. Must be tied to 
ground for user operation. 

NC (15) It is recommended to ground this pin. 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter conditions | 


Supply voltage range 
Voltage with respect to Vss 

Output voltage 

Storage temperature range 

Operating ambient temperature range 


on any pin 

pins 2 and 20 | VreQ, VOUT 
T stg 
Tamb 
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CHARACTERISTICS 
Tamb = 29 °C; Vpp = 5 V, unless otherwise specified; all voltages referenced to Vss 


parameter 


Symbol 
Supply voltage note 1 


Supply current no audio load 


Inputs 


DO to D7, AO, CE, W, 
R/W, REQEN, CLK IN 


Input voltage HIGH 
Input voltage LOW 
Input leakage current 


Input capacitance 


Outputs 

D7 (1/0), CLK OUT 
Output voltage HIGH 
Output voltage LOW 
Output load capacitance 


REQ 

Output voltage HIGH open drain 
Output voltage LOW lot = 1,6 mA 
Output load capacitance 


Audio output 
Reference current pin 19; note 8 


Output current pin 20; 
peak value 
IREF=~OmA 
IREF = 0,1 mA 
IREF =~0,3mA 
Output voltage pin 20; for 
linear operation; 
note 3;° 
IREF =0,1 mA 


Oscillator 
Crystal frequency internal 


Clock frequency external 
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TIMING CHARACTERISTICS (note 4) (Figs 6 and 7) 
parameter condition 


Write enable 

Address set-up — 

Address hold 

Data set-up for write 

Data hold for write 

Request hold note 5 


Request next note 6 
clock frequency 
= 3,84 MHz 


Read enable 

Data delay for read note 7 
Data floating for read note 7 
Request valid before write 


Request output enable 
response 


Control set-up 
Control hold 


Notes 


1. The circuit will continue to operate from a supply of up to 6,5 V, but without necessarily meeting 
the specification. 


. This is also valid for Vpp =0 V. 
. This permits the connection of the output load to a supply higher than that supplying the synthesizer. 
. Timing reference level is 1,5 V. 


of W NN 


. An external pull-up resistor is required, as this is an open drain output. 
The time (tpyy) to reach 2,0 V is specified at a load to 5 V of 3,3 kQ and 50 pF. 


6. Between two data write operations of one speech frame. 


7. Levels greater than 2,0 V for a‘1’ or less than 0,8 V for a ‘0’ are reached with a load of one TTL 
input and 50 pF. 


8. Typical voltage level at the REF pin is 2,5 V. 
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OPERATION PRINCIPLE 


The MEA8000 has been designed for a vocal tract modelling technique of voice synthesis. This method 
gives the lowest possible bit rate for speech quality which is acceptable for most industrial applications. 


Figure 3 shows a simplified electronic model of the human vocal tract as a formant synthesizer. A 
combination of a periodic signal, representing the pitch of the original speech, and an aperiodic signal, 
representing the unvoiced sound in the speech. Both these signals are fed to a variable filter comprising 
four resonantors (via an amplifier which controls the amplitude of the synthesized sound). The 
resonators model the sound in accordance with the formats in the original speech. Each resonator 

is controlled by two parameters, one for the resonant frequency and one for the bandwidth. 

The information required to control the synthesizer is: 


— pitch | 
— amplitude excitation source (vocal cords) 
— voice/unvoiced source selector 
— filter control spectrum shaping (vocal tract) 


A good replica of the original speech is obtained by periodic updating of this control information. 


PITCH P| AMPL FM1 FM2 FM3 
BW1 BW2 BW3 BW4 
SP a ye —— 
| 
| 
voiced | 


OnW~' 
DAC out 
y 2 
“alm GAIN spectral shaping 
NOISE resonators 


unvoiced 


7280539 


Fig. 3 Electronic model of human vocal tract. 


OPERATION 


Speech is generated by suitable filtering of a relatively low frequency sawtooth waveform for voiced 
sounds, or of random noise for unvoiced sounds. New parameters for both the digital waveform 
generator and the digital filter are supplied to the synthesizer in coded groups of 4 bytes via the data 
bus, The code group also contains the duration of the next speech frame to be produced (8, 16, 32 
or 64 ms). 


The output sample rate is 64 kHz or 8 times the internal sample rate with linear interpolation in 
between. This greatly reduces the need for an external analogue output filter. 


Modes of operation 


1. STOP mode: characterised by a silent output and the status REO bit set to ‘1’. This mode is entered 
from power up or by STOP command. The mode is entered automatically if at the end of an active 
speech frame the next four parameter bytes are not yet received while the CONT bit in the command 
register is a ‘O’. In the latter case the final speech frame will be repeated once but with a decaying 
amplitude and the same pitch. 


2. ACTIVE mode: a speech sample is being produced. 


3. CONTINUOUS mode: entered if an active speech frame is finished and new data is not supplied in time 
while the CONT bit in the command register isa ‘1’. The synthesizer will repeat the last speech frame 
indefinitely until all four new data bytes are received, or a STOP command, or a reset of the CONT bit. 
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Speech code input buffer 


Speech code is written to the synthesizer when CE and W are both ‘0’, while R/W = ‘1’ and AO = ‘0’. 
Also the status REO bit must read a ‘1’, otherwise the synthesizer is still busy and will not react to a 
data write operation. 

Starting from the STOP mode, the first data will be interpreted as a starting value for the PITCH. 
Thereafter every four successive data bytes are treated as a group of speech code. The coded speech 
frame format i is shown i in Fig. fe 


D7 | DO 


PITCH 


| BW1 | BW2 | BW3 | BW4 


byte 1 byte 2 byte 3 | byte 4 


7280540 


Fig. 4 Format of coded speech frame. 


3 

o 
Q. 
147) 
oO 
Z | 
7) 


| parameter 
| PITCH 8 initial value for pitch 
: ED = speech frame duration 
: P| 5 pitch increment (rate of change) or noise selection 
| AMPL 4 amplitude 
| FMI 5 frequency of 1st formant 
FM2 5 frequency of 2nd formant 
FM3 3 frequency of 3rd formant 
FM4 0 frequency of 4th formant (fixed) 
BW1 | 2 bandwidth of 1st formant 
| BW2 2 bandwidth of 2nd formant 
BW3 it x2 bandwidth of 3rd formant 
BW4 2 bandwidth of 4th formant 


During each data write operation, the status REQ bit will be cleared to ‘QO’. 

it appears within a few microseconds, requesting the next byte of the group. 

The request for the first byte of the next group always appears shortly after the beginning of the 
current speech frame, and all four bytes must be provided before it finishes. This leaves the contro! 
circuit (i.e. microprocessor) enough time to use polling, instead of interrupts, as the minimum time of 
a speech is 8 ms. 


When in the STOP mode the synthesizer will commence producing sound after receipt of 1 + 4 bytes. 


Status bit 


The status bit is accessed at CE = RW = ‘0’ 
The status of W and AO are arbitrary. 
Pin D7 reveals the request for a (next) speech code byte: ‘0’ = busy, ‘1’ = request for data. 
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Command register 
A command is written to the synthesizer at CE = W = ‘0’ while AO = R/W =‘1’. 


STOP CONT CONT ROE 
enable enable 


00 = INVALID 00 = INVALID 

‘0’ = INVALID 01 = INVALID 01 = INVALID 

NOT USED 10 = SLOW STOP 10 = DISABLE 
REQ OUTPUT 


11 = CONTINUE 11 = ENABLE 


REO OUTPUT 
STOP Stop mode. This results in an immediate reset of the synthesizer to the STOP mode. The 
ROE and CONT are not affected by this command. 
CONT Continuous mode. This bit can be set or cleared only if the corresponding CONT enable 


bit is programmed as a ‘1’. In the continuous mode the synthesizer will not revert to the 
STOP mode if all four parameters are not received before the end of the current speech 
frame, but repeat it indefinitely. 


If CONT = ‘1’ the last frame will be repeated once with decaying amplitude and the same 
pitch before the stop mode is entered. 


ROE Request Output Enable. This can be set or cleared only if the corresponding ROE enable 
bit isa‘1’. ROE determines whether the request in the status bit appears on the REQ pin. 


Note: the same can be achieved by connecting the REOQEN pin (request enable) to a ‘0’. 


After power on, the command register bits CONT and ROE will both be zero. Thus power on equals 
the command 00011010 = 1 A (hexadecimal). 


Control signals 


With the three control signals CE, W and R/W the synthesizer is made compatible with most micro- 
processors and microcomputers. 


Operation 


WRITE DATA 
WRITE COMMAND 


READ STATUS 


Power supply 


During (slow) power up or power down the circuit will not produce any spurious sound. As soon as 
the supply is high enough for reliable operation, the circuit will be in the STOP mode with 
ROE = CONT = ‘0’. 
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Timing diagrams 


The control signals CE, R/W and W have been specified to enable easy interface to most micro- 
processors and microcomputers. For instance, with connection to an MAB8048 microcomputer the — 
R/W and W inputs can be used as the RD and WR strobe inputs. 


CES0¢ ieee Oe eee: WS 0! 


le LIL aS. LLY NG 
BW READ aia. eae 


7280541 
Fig. 5 Typical waveforms of the control signals. 
tRD 
CE ) 
CE used 
as strobe tes a tcH 
W ='0’ oe 
R/W 
R/W : 
R/W used as 
read strobe tos tcH 
CE ='0’ Aa : 
Ww 
‘DF 
) ) 7280542 


Fig. 6 Read timing. 
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twR 
CE 
CE used 
as strobe . tcs tCH 
W = ‘0’ 
R/W 
—tcs ten 
WwW used R/W 
as write 
strobe ae 
CE =’0’ W 
command = ‘1’ 
——( PEST) 
ee: = 
DO----D7 
{ [|p 
tRV 
data 
write REQ 
tRN — 
tROE 
command 
a TT} 
to ROE 


7280543 


Fig. 7 Write timing. 
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DATA DO--D7 


a 


SINGLE CHIP 
MICROCOMPUTER 


(a) 


(a) Minimum system of single chip microcomputer with voice ROM on board. 


CONTROL 
PROCESSOR 


7280544 
(c) Applications using separate voice ROMs. 


Fig. 8 Typical applications. 
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+5V 


BC338 
+ 
| 
470 uF 
0,1 uF 
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7280536 
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Fig. 9 Typical output applications. 
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osc OSC CLK 


IN OUT IN 


i 


MEA8000 MEA8000 


osc Osc CLK 
IN OUT IN 


OSC OSC’ CLK 
IN OUT IN 


i 


7280545 


clock 


Fig. 10 Oscillator/clock configurations. 
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LOW COST SPEECH DEMONSTRATION BOARD 


GENERAL DESCRIPTION 


The low cost speech demonstration board is designed to add voice output to existing card based 
electronic equipment with the minimum of additional effort and components. The majority of 
components used are of the CMOS type with low power consumption making the board suitable 
for battery operation. 


Applications include speech evaluation and speech demonstration. 


FEATURES 


@ PCF8200 speech synthesizer 

— Male and female speech of very high quality 

— CMOS technology 

— Extended operating temperature range 

— Programmable speaking speed 
@ Low current consumption 

— All major components use CMOS technology 

(PCF8200, 80C39 and 27C64) 

@ Very large vocabulary up to 12 minutes 

— 4 EPROM sockets 

— EPROM selection for 27C16 to 27C256 

— Low data rates for synthesizer (average 1500 bits per second) 
@ Easy interfacing 

— 8-bit parallel data bus/key switch input 

— Volume control, speaker connection 

— Control signals (e.g. RESET, BUSY etc etc) 
@ Simple operating modes 

— ROM selection 

— Word sequence within a ROM 

— Repeat last utterence 

— Control software is readily customizeable 

— To implement parameter download from external source 
@ Single Eurocard size PC board 
® Single +5 V supply 
@ Low cost 


APPLICATIONS 
@ OEM design-in 
@ May be simply used with many card systems for speech evaluation 


@ Speech demonstration 
— Particularly simple when used with the OM8201 (Speech Demonstration Box) 
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Fig. 1 Block diagram. 
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low cost speech demonstration board OM8 200 


OPERATION 


HARDWARE DESCRIPTION 


The main controlling microprocessor is an 80C39 running at 6 MHz. This device supplies all of the 
main controlling signals for the board operation and the interfacing to any external system. 

Four sockets are provided for EPROMS which contain speech coding. These may be 27C16 types, 
through to 27C256 types; the sockets will be a low insertion force type to allow for easy customizing. 
The board will be supplied with one socket occupied by a 27C64 which will contain the control 
program and some speech examples. All four EPROM sockets must contain the same EPROM type. . 


The speech synthesizer PCF8200 converts the coding into a speech output. This synthesizer has been 
designed to simulate the human vocal tract using five formants for male and four formants for female 
speech. Periodic updating of the parameters for these formants can produce very high quality speech. 


The output of the synthesizer can be fed into an audio amplifier, TDA7050, via a resistor-capacitor filter 
network which provides a frequency cut-off above 5 kHz of about 25 dB. The configuration of the 
audio amplifier used on this board gives an output of 140 mW peak power into a 25 {2 speaker from 
a5 V supply. 

Connections are made to the board via a standard DIN/IEC connector. This allows access to the 

8-bit parallel data bus so that speech coding from an external source may be used, if implemented, 
and allows the selection of speech phrases by an external system, such as a microcomputer or even a 
bank of switches. The same connector also permits the addition of a volume control, loudspeaker, a 
high impedance audio output, and power supply. The control signals RESET, BUSY, WAIT and DS 
are also taken to the outside of the board. There is also a loudspeaker plug on the board. 

All components are contained on a standard single Eurocard, and therefore suitable for rack mounted 
equipment. 


SOFTWARE DESCRIPTION 


All the software required to operate the board is contained in the only EPROM supplied. The software 
is written in modular from so that it is possible for a customer to alter or add to any particular function 
which suits his applications. An industrial standard microprocessor was chosen so that readily available 
development systems could be used to facilitate this modification. 

There are four main modes of operation: 


— ROM Selection 

-- Word Sequence 

— Repeat Word 

— Speaking Speed Selection 


These modes are all controlled by software. 


ROM Selection mode permits access to an individual EPROM and pronounces the first utterence 
from that EPROM. | 


Word Sequence gives the next word (activated by repeated access to the same EPROM) and if continually 
exercised will keep looping on the words in that EPROM. 


The Repeat Word command allows indefinate repetition of the last utterance pronounced. 
The Speaking Speed Selection allows the utterence to be pronounced at a different speed. 


The software also controls the address sequencing within the utterance and ensures that the required 
data is supplied to the synthesizer. 


Rs ASDA HRN SRS NEA 
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There are also some examples of words/utterences encoded in the remainder of the supplied EPROM. 
These words are intended for demonstration purposes and will show the features of the synthesizer 
when selected. The main features being illustrated are: 


— Male speech in several languages 
— Female speech in several languages 
— Programmabie speaking speed 


ORDERING INFORMATION 


Product name: Low Cost Speech Demonstration Board 
Type number: OM8200 
Ordering code: 9337 541 30000 


Orders should be placed with your local Philips/Signetics agency. 


ES 
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SPEECH DEMONSTRATION BOX 


GENERAL DESCRIPTION 


Speech demonstration box OM8201 is designed to be used in conjunction with the low cost speech 
demonstration board OM8200. The box contains all the necessary components to drive the board. 
The combination of these two components make an extremely attractive demonstration unit. 


FEATURES 


@ Low cost 
@ Can use unmodified OM8200 board which allows access to all features of the OM8200 
@ Single + 9 V supply 
— Low power consumption therefore permits battery operation 
— External power supplies may also be used 
— Voltage is regulated and dropped to a standard + 5 V for the OM8200 board 
@ Simple mechanical construction 
— Allows easy access to the OM8200 for changing EPROMS 
@ Contains all peripherals needed to drive the OM8200 


HARDWARE DESCRIPTION 

The box contains a set of eight keypad switches which are connected to the data bus. Four switches 
can select which EPROM your speech data is derived from. Repeated pressing of an EPROM switch 
increments the expression number which will be uttered. To repeat the last expression, a separate 
switch must be activated. 

It is possible in the PCF8200 to change the rate of speaking to 73%, 123% or 145% of the normal! 
speed. A switch has been included on the box which will sequence through the speed options making 
the same utterance every time. 


One of the two remaining switches is the master reset for the program and the other is for future 
enhancements of the box. 

Included in the box are, the volume control for the amplifier, the loudspeaker, and a high impedance 
audio output. 

The final piece of electronics is the power supply. This can be supplied from a+9 V internal battery 
or from a+ 9 V external supply. The +9 V is regulated to a+ 5 V supply which is then fed to other 
parts of the box and to the OM8200. 


The box is of simple construction and allows easy access to the OM8200 for changing of EPROMS. 


SOFTWARE DESCRIPTION 


There is no software in the OM8201. The software of the OM8200 may be used in an unmodified 
form without any problems. However, if changes have been made to the control program of the 
OM8200 then different functions for the switches of the box can be achieved. 
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Fig. 1 Schematic diagram. 


ORDERING INFORMATION 


Product name: Speech Demonstration Box 
Type number: OM8201 
Ordering code: 9337 541 40000 


N.B. OM8200 must be ordered as well if this box is to be used in demonstration mode. 
The order number for the OM8200 is 9337 541 30000. 


Orders should be placed with your local Philips/Signetics agent. 


1024 March 1985 | | | 


DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


OM8210 


SPEECH ANALYSIS/EDITING SYSTEM 


GENERAL DESCRIPTION 


The OM8210 is a speech analysing/editing system, and comprises of a speech adapter box and associated 
software. The system uses either the HP9816S or IBM-PC personal computer. 

The OM8210 and the computer function together to produce speech coding for the PCF8200. 

The system has many commands available, mostly single key operations, which gives it flexability. 


FEATURES 


Input sampling of analogue speech signals 

Speech analysis 

Graphic parameter representation 

Parameter editing screen 

Conversion of parameters to PCF 8200 synthesizer 
EPROM programming 

Parameter storage on floppy disc 

Speech output via PCF8200 voice synthesizer 


| ANALOGUE CARD 
{ Y | 8 | 


| CONTROL [| 


CARD 


(} | | <a , AA ge ane aGue 
Nn | volume =f 
r 


IEC625/ 
| |EEE488 


PERSONAL 
COMPUTER 


28- pin |4¢__4 >} PROGRAMMER |¢——————_—__—4—_____» 


socket 


SPEECH ADAPTER BOX 
OM8210 


7287995 


Fig. 1 Block diagram. 
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HARDWARE DESCRIPTION 


The hardware for the OM8210 is contained in an attractive box with access to all the interconnections 
(IEC 625, interface loudspeaker, headphones, tape input, and EPROM socket), from the front panel. 
There are four single Eurocards and a power spe ly forming the speech adapter box. 

These cards are: 


— Analogue Card 
— Synthesizer Card 
— EPROM Card 

— Control Card 


Analogue Card 

On this card, the level of the recorded audio input signal is adjusted by an electronic potentiometer. 
Before the audio is sampled, frequencies higher than half the sampling frequency are removed by a 
switched capacitor filter of the type normally used for codecs. A 12-bit analogue-to-digital converter 
(ADC) produces the digital samples that are sent to the control card. An 8-bit digital-to-analogue 
converter (DAC) on the analogue card allows the sampled speech to be output. The audio input signal, 
the sampled speech and the synthesized speech are selected by an analogue multiplexer, filtered, 

and adjusted for volume before reproduction by a loudspeaker. 

The use of integrated electronic potentiometers and codec filters substantially reduces the number 

of components required while maintaining high performance. 


Synthesizer Card 


This card accommodates the PCF8200 voice synthesizer and a small amount of peripheral components 
and a socket for the MEA8000 voice synthesizer. 


EPROM Programmer Card | 

This card allows four different types of EPROM (2716, 2732, 2732A and 2764) to be programmed 
under software control. All the hardware to generate the programming voltages and the programming 
waveforms are on this card. 


Control Card 
This card performs three functions: 


— IEC 625/!EEE 488 interface 

— Control sequencer 

— Clock generator 

The IEC/IEEE interface is a simple talker/listener implementation with a HEF 4738 circuit. 


An FPLA control sequencer provides the handshake signals for IEC/IEEE interface and the chip 
enable signals for the rest of the system (the ADC, the DAC, the synthesizer and control circuits). 


The filter sampling frequency is generated with a software programmable PLL frequency synthesizer. 
The speech sampling frequency is derived from the filter sampling frequency by frequency division. 
Hence, the filter frequency cut-off and the sample rate of the ADC and the DAC are automatically 
linked. 

The hardware includes all the necessary cables, adapter plug, loudspeaker, headphone and power supply. 
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SOFTWARE DESCRIPTION 


The software for this speech coding system has been developed and arranged for optimum user 
convenience. There are eight modes available. 


Each mode and each command in the mode is selected by single key entries. Commands that can 
destroy data have to be confirmed before they are executed. More than 100 commands are available. 
The modes are: 


Sample Mode Samples and digitizes the recorded speech, the amplitude can be checked and — 
speech segments selected. The sampled speech is stored in a memory and can 
be displayed or made audible. : 


Analysis Mode Generates speech parameters from samples. The analysis selects the voiced/ 
unvoiced sections, extracts the formants (5 for male and 4 for female), 
amplitude, and the pitch, and quantisizes the speech parameters. 


Parameter Speech parameters are displayed graphically on the VDU and can be edited to 
Edit Mode correct errors in the analysis, improve speech quality by altering contours, 
or amplitudes, concatenate sounds and optimize data rate by editing the frame 
duration. 
Code Mode Generates PCF8200 code and permits the arrangement of utterences in the 


optimum order of application. This mode also generates the address map at the 
head of the EPROM. 


EPROM Mode Used to program/read EPROMS with data for the code memory also possible is 
a new check, bit check and verification commands. 


File Mode Stores speech parameters or codes on disc, can also assemble code speech segment 
from an already existing library. 

Media Mode For diskette initialization and making back-up copies. 

Option Mode Allows the system configuration to be read or changed. 


The software is supplied on two diskettes, one labelled ‘BOOT’ which wakes up the system and also 
contains the system library routines. The other diskette labelled ‘SPEECH’ contains the speech pro- 
gram, the disc initialization and the file handler programs. The ‘BOOT’ disc is not required during 
operation, giving a free disc drive with the system for a diskette to store speech parameter files. 


Computer System 


The following equipment is required to make a complete Hewlett Packard based editing system: 
— HP9816S-630 (optimum computer type) or HP9817 

— HP9121D (dual floppy disc) 

— Additional memory card for the HP9816S (512 K bytes total required) 


The following equipment is required to make a complete IBM based editing system: 
— IBM-PC or PC-XT or Philips P3100 

— Additional memory (512 K recommended) 

— Display graphics card (Hercules monochrome) 

— |EEE488 card (Tecmar Rev. D.) 


ORDERING INFORMATION 


Product name: Speech Analysis/Editing System 
Type number: OM8210 
Ordering code: 9337 561 50112 


The computer system should be purchased from your local agents. 


The OM8210 should be ordered through your local Philips/Signetics agent. 
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VOICE SYNTHESIZER 


GENERAL DESCRIPTION 


The PCF8200 is a CMOS integrated circuit for generating good quality speech from digital code with 

a programmable bit rate. The circuit is primarily intended for applications in microprocessor controlled 
systems, where the speech code is stored separately. 

Applications include automotive, telephony, personal computers, annunciators, aids for the handicapped, 
and general industrial devices. 


Features 

@ Male and female speech with good quality 

@ Speech-band from 0 to 5 kHz 

@ Bit-rate between 455 bits/second and 4545 bits/second 

@ Programmable frame duration 

@ Programmable speaking speed 

@ CMOS technology 

® Operating temperature range —40 to + 85 °C 

@ Single 5 V supply with low power consumption and power-down stand-by mode 

@® Interfaces easily with most popular microcomputers and microprocessors through 8 bit parallel! 


bus or |I?C bus 

Software readable status word (parallel bus or !?C bus) 
@ BUSY-signal and REQ-signal hardware readable 

@ Internal low-pass filter and 11-bit D/A converter 


QUICK REFERENCE DATA 


parameter symbol min. typ. max. unit 
Supply voltage Vpp — 5 - V 
Supply current IDD _ 12 | # mA 
Supply current (stand-by) IDD(SB) — 1 _ LA 
Inputs 

Input voltage Vi 2,0 _ VpD V 
Input voltage VIL 0 — 0,8 V 
Input capacitance C, — 7 — pF 


Outputs (D5 to D7) 


Output voltage high VOH 3,5 — VpD V 
Output voltage low VOL 0 — 0,4 V 
Load capacitance CL _ —_ 80 pF 
Operating ambient 

temperature range Tamb —40 ~ + 85 oC 


# Value not yet available. 
PACKAGE OUTLINE 
24-lead DIL; plastic (SOT-101A). 
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Fig. 1 Block diagram. 
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Voice synthesizer 


PINNING 

1 VDD-A 
2 VREF 
3 OUT 

4 VSs-A 
5 n.c. 

6 TEST 
7 OSCI 

8 OSCO 
9 SER/PAR 
10 REO 
11. BUSY 
12 Vss-D 
13 CE 

14 = -R/W 
15 W 

16 SDA/D7 
17 SCL/D6 
18 D5 

19 D4 

20 D3 

21. D2 

22 ~=~D1 

23 DO 

24 Vpp-D 


OUT D1 
Vss-A D2 
n.c D3 


PCF 8200 


SCL/D6 


116| SDA/D?7 
REQ {10 115 | W 
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positive supply voltage for DAC output stage 
DAC reference voltage input 

speech output 

negative supply voltage for DAC stage 


not connected 


for normal operation this pin must be grounded (Vso) 


Oscillator input 


oscillator output 


PCF8200 


Fig. 2 Pinning diagram. 


for parallel data bus operation this pin is hard-wired to Vpp, or to Vss to 


enable the I*C bus 

status bit indicating request for data 
status indicating synthesizer busy 
negative supply voltage for digital circuits 
chip-enable input 

read/write control input 

write input 


I?C bus serial data input/output (serial mode) 
or parallel data input/output D7 (parallel mode) 


IC bus serial clock input/output (serial mode) 
or parallel data input/output D6 (parallel mode) 


parallel data input/outputs 


positive supply voltage for digital circuits 
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FUNCTIONAL DESCRIPTION 


The synthesizer has been designed for a vocal tract modelling technique of voice synthesis. An excitation 
signal is fed to a series of resonators. Each resonator simulates one of the formants in the original speech. 
It is controlled by two parameters, one for the resonant frequency and one for the bandwidth. Five 
formants are needed for male speech and four for female speech. The output of this system is defined by 
the excitation signal, the amplitude values and the resonator settings. By periodic updating of all para- 
meters very high quality speech can be produced. 


OPERATION 


Speech characteristics change quite slowly, therefore the control parameters for the speech synthesizer 
can be adequately updated every few tens of milliseconds with interpolation during the interval to ensure 
a smooth changeover from one parameter value to the next. In the PCF8200 the standard-frame duration 
can be set to 8,8 , 10,4, 12,8 or 17,6 milliseconds with the speed-option, speaking speed, in the command- 


register. 
The duration of each individual speech frame is programmable to be 1, 2, 3 or 5 times the standard-frame 
duration. 
10 01 00 11 FSO, FS1 
00 8,8 10,4 12,8 17,6 ms 
01 17,6 20,8 25,6 35,2 ms 
10 26,4 31,2 38,4 52,8 ms 
11 440 52,0 64,0 88,0 ms 
FD1, FDO 


Table 1. Frame duration as a function of speed-option (FS1, FSO) and frame-duration (FD1, FDO). 


The excitation signal is a random noise source for unvoiced sounds and a programmable pulse generator 
for voiced sounds. Both sources have an amplitude modulator which is updated 8 times in one speech- 
frame by linear interpolation. The pitch is updated every 1/8 of a standard frame. 


The excitation signal is filtered with a five formant filter for male speech and a four formant filter for 
female speech. The formant filter is a cascade of all second-order sections. The control parameters, formant- 
frequency and formant-bandwidth, are updated eight times per speech frame by linear interpolation. 

A block diagram of the formant synthesizer is shown in Fig. 3. 


The filter output is upsampled to 80 kHz and filtered with a digital low-pass filter. Before the signal is 
digital to analogue converted (DAC), with an 11-bit switched capacitor DAC, the signal is multiplied 
with a DAC-amplitude factor. The use of a digital filter means that no external audio filtering is required 
for low-medium applications and minimal filtering is required for those applications requiring very high 
quality speech. 


F, B; 
NOISE 


5 FORMANT 
FILTER 


UPSAMPLED 
DIGITAL 
FILTER 


SPEECH 
OUT 


7Z80616 


PULSE 
GENERATOR 


Fig. 3 Block diagram of formant synthesizer. 
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DATA FORMAT 


Three types of format are used for data transfer to the synthesizer. 


DAC-amplitude factor 


The DAC-amplitude factor is one byte, which is used to optimize the digital speech signal to the 11-bit 
DAC. It is the first byte after a STOP or a BADSTOP or Vpp on. Table 2 indicates the amplitude factor. 


byte factor dB 
01110000 3,5 10,88 
10110000 3,25 10,24 
00110000 3,0 9 54 
11010000 2,75 8,97 
01010000 2,5 7,96 
10010000 2,25 7,04 
00010000 2,0 6,02 
11100000 1,75 4,86 
01100000 1,5 3,52 
10100000 1,25 1,94 
00100000 1,0 0,00 
11000000 0,75 —2,50 
01000000 0,5 —6,02 
10000000 0,25 —12,04 
00000000 0,0 

11110000 HEX code FO is not allowed as a DAC amplitude 


Table 2 DAC amplitude factor. 


Start pitch 


The second byte after a STOP or BADSTOP, or Vpp on is the start pitch. It is a one byte start value 
for the on-chip pitch-period generator. 


Frame Data 


The frame data is a five byte block which contains the filter and source information: 


pitch increment/decrement value 5 bits 
amplitude 4 bits 
frame duration 2 bits 
frequency of 1st formant 5 bits 
frequency of 2nd formant 5 bits 
frequency of 3rd formant 3 bits 
frequency of 4th formant 3 bits 
frequency of 5th formant 1 bit 

bandwidth of Ist formant 3 bits 
bandwidth of 2nd formant 3 bits 
bandwidth of 3rd formant 2 bits 
bandwidth of 4th formant 2 bits 
bandwidth of 5th formant 2 bits 


40 bits = 5 bytes 


The frame-data bits are organized as shown in Fig. 4. 
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It is not allowed to set byte 0 to the hexadecimal value OO. 
Fig. 4 Format of frame-date. 


CONTROL FORMAT 
Command Write 


A command write consists of two bytes, and it may occur before a data block. The four bits which can 
be written are shown in Fig. 5. 


D7 DO 
byteo| Oo 9) 0 0 0 0 0 0 OO 
byte1| 1 0 STOP M/F oO 0 FS1 FSO 
7Z280618.1 


Fig. 5 Control write: first byte fixed, second byte control. 


FSO, FS1 speed option 


FS] FSO speech standard-frame 
speed duration 

0 0) 100% 12,8 ms 

0 1 145% } 8,8 ms 

1 0 123% : 10,4 ms 

1 1 73% > 17,6 ms 


M/F, male/female option 
M/F  =Omale quantization table 

= 1 female quanti:zation table 
STOP 


STOP = 1 stop; repeat last complete frame with amplitude = 0 
(no excitation signal) 
= 0 if the frame data is not sent within the duration of a half 
frame, there will be a BADSTOP: 


1.REQ =1STOP=0 
2. Repeat last frame with amplitude = 0 
3. BUSY =0 
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Status Read 


Three status bits can be read out at any time without a preceding byte (00). 
This is shown in Fig. 6. 


D7 DO 
REQ BUSY STOP x x x x x 


7Z80619.2 


Fig. 6 Status read. 


REO = 1 No data required 
= 0 Synthesizer requesting for new data 
BUSY = 1 Busy (an utterance is pronounced) 
= 0 Idle, REQwill set to 1; the synthesizer is in STOP or BADSTOP mode 


STOP The STOP bit is the same as the stop bit written to the 
synthesizer during a command write. 
STOP = 1, BUSY = 0 stopped by the user. 
STOP = 0, BUSY = 0 BADSTOP because the data was not sent in time. 


After initial power-up the status/command register is set to the following status: 
FSO, FS1 = 0 Standard-frame duration of 12,8 ms 


M/F = 0 Male quantization table 
STOP = 0 

BUSY = 0 Idle 

REO = 1 No data required 


INTERFACE PROTOCOL 


Data can be written to the synthesizer when REO = 0 or, when REQ = 1 and BUSY = O. Figure 7 
shows the interface protocol of the synthesizer. 


In parallel mode the synthesizer is activated by sending the DAC-amplitude factor. In serial mode the 
DAC- amplitude factor can be sent as soon as the synthesizer is powered-up. 


The 1*C transmitter/receiver will then acknowledge. When the request for the pitch-byte occurs the 
byte must be provided within the duration of a half standard frame. If the byte is not provided in time 
a BADSTOP wiil be generated. 

During each data write operation, the status bit REQ will be set to ‘1’. 

Within a frame data block, it disappears within a few microseconds, asking for the next byte of that 
block. If the bytes of fraine data are not provided within the time-duration of a half frame, a BADSTOP 
will be generated, 


1?C ADDRESS 
On chip there is a |7C slave receiver/transmitter with the address: 


76543210 
0010000 R/W 
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POWER UP 

The synthesizer will be set to power-up on a parallel-write sequence. 

PAR-mode: The input-latches are active so they can receive the first byte | 
SER-mode: The I*C transmitter/receiver will not acknowledge until the synthesizer has powered- 


up. TO power up the synthesizer a parallel write sequence (Fig. 9) must be made to 
the synthesizer by using external logic for the control lines; at least one line must be 
toggled, CE, while W = 0 and R/W = 1. 

The synthesizer can be set to permanent power-up by hard-wired control pins 
(CE=0, R/W=1, W=0). ) 


POWER DOWN MODE 


When BUSY = 0 the synthesizer will be set to power-down. In the power-down mode the status/command 
register will be retained. 

In power-down mode the clock-oscillator is switched off. After initial Vpp the synthesizer is in power- 
down mode. 


HANDLING 


All inputs and outputs are protected against electrostatic charge under normal handling conditions. 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter conditions symbol min. 


Supply voltage any pin with 


respect to Vss —0,3 
Input voltage any pin with 

respect to Vss —0,3 
Output voltage any pin with 

respect to Vcc —0,3 
D.C. input diode current Vi <Vss ~ 

Vi>Vpp — 
D.C, output diode current Vo<Vss — 

Vo>Vpp — 
Operating ambient 

temperature range —40 

Storage temperature range —55 
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CHARACTERISTICS 


Tamb = —45 to + 85 °C; supply voltage (Vpp to Vss) = 4,5 to 5,5 V with respect to Voc, unless 
otherwise specified 


parameter symbol min. 
Supply 
Supply voltage Vpp 4,5 
Supply current IDD at 
Standby current IDD(SB) — 
Inputs 
CE, R/W, W 
Input voltage HIGH VIH 2,0 
Input voltage LOW VIL 0 
Input leakage current 
Vin =0to 5,5 V liR —10 
Rise and fall times (note 2) trt —_ 
Input capacitance Cy — 
OSCI 
Input voltage HIGH Vi 2,2 
<{ Input voltage LOW VIL 0 
Ee Input leakage current 
Q Vin = 0 to 5,5 V liR —10 
5 Rise and fall times (note 2) trt ~ 
w Input capacitance Cy _ 
S PARALLEL MODE 
a Input Characteristics 
> (DO to D7) | 
aT | 
QO Input voltage HIGH VI 2,0 
Input voltage LOW VIL 0 
Input leakage current 
(Vip =O to 5,5 V, 
output off) liR —10 
Input capacitance Cj = 


Output Characteristics 
(D5 to D7 only) 


Output voltage HIGH 


(loH = —100 pA) VOH 3,5 
Output voltage LOW 

(lop = 3,2 mA) VOL 0 
Load capacitance Cr - 
Rise and fall times (note 3) trt _ 
SERIAL MODE 


Input characteristics 
(SDA and SDL) 


Input voltage HIGH Vi 3,0 
Input voltage LOW VIL 0 
Input leakage current 

(Vi, =O0to5,5V, 

output off) liR —10 


Input capacitance C| = 
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symbol min. typ. 


parameter unit 
Output Characteristics 
(SDA only, open drain) 
Output voltage LOW 
(lop = 3 mA) VOL 0 _ V 
OSCILLATOR 
Crystal frequency IX TAL a 6 MHz 
VREF 
Reference voltage VREF 1,9 —~ V 
Input leakage current (active) liR _ 5 MA 
Outputs 
REQ, BUSY 
Output voltage HIGH | 
(IQy = 100 uA) VoH 3,5 — V 
Output voltage LOW 
(Io, = 3,2 mA) VOL 0 — V 
Load capacitance CL _ — pF 
Rise and fall times (note 3) tr its se ns 
OUT. 
Output voltage | VOUT 0,66 x VReEF 1,34 x Veer V 
Minimum external load 600 —_ _ 22 
Timing characteristics | 
| (note 1) (Figs 8 and 9) 
Write enable twR 200 —_ ns 
Data set-up for write tps 150 — ns 
Data hold for write tpH 30 ay ns 
~ Read enable trp 200 — ns 
_ Data delay for read (note 2) top _ — ns 
_ Data floating for read 
(note 2) tor —~ _ ns 
- Control set-up tes 0 = ns 
Control hold tcH 0 — ns 
REO new (new byte of the 
same speech frame) tRN _ | #(* 3) Ms 
» REQ Valid try. 0 —~ ns 
REO Hold tRH we | 250 ns 


NOTES TO THE CHARACTERISTICS 


1. Timing reference level is 1,5 V; supply 5 V + 10%; temperature range of —40 °C to 85 °C. 

2. Levels greater than 2 V for a ‘1’ or less than 0,8 V for a ‘0’ are reached with a load of one TTL 
input and 50 pF. 

3. Rise and fall times between 0,6 V and 2,2 V levels. 


# Values not yet available. 
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Fig. 7 Interface protocol. 
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Timing diagrams 

The control signals CE. R/W and W have been specified to enable easy interface to most microprocessors 
and microcomputers. For instance with connection to an MAB8048 microcomputer the R/W and W 
inputs can be used as the RD and WR strobe inputs. 


Rw READ ia, ere 


7280541 
Typical connection of control signals. 
tRD 
CE 
CE used 
as strobe tes 
W = 7Q’ _ 
R/W 
R/W 
R/W used as 
read strobe tes 
CE ='0’ - 
Ww 
D7 -—. 
7280542 
Fig. 8 Read timing. 
= <— twp - 
CE 
CE used 
as strobe ~ics aed [ich 
W ='0 
R/W— 
tcs > 
W used | Bw 
as write 
strobe —- 
CE ='0 W 
t RV SS iest RH 
data —— 
write REQ t 
RN 
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Fig. 9 Write timing. 
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ADDRESS 


MICROPROCESSOR 


7Z80623.1 SYNTHESIZER 


Fig. 10 Typical application configuration with parallel interface. 


ADDRESS 


MICROPROCESSOR 


7Z80622 SYNTHESIZER 


DEVELOPMENT DATA 


Fig. 11 Typical application configuration with series interface. 


PCF 8200 
SYNTHESIZER 


R, = 250 
[16 MHz (peak) 
7280624 .1 


Fig. 12 An example of an output configuration. 
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clock ~ 7280625 


Fig. 13 Oscillator clock configurations. 
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This data sheet contains advance information and SAA1099 


specifications are subject to change without notice. 


MICROPROCESSOR CONTROLLED STEREO SOUND GENERATOR 
FOR SOUND EFFECTS AND MUSIC SYNTHESIS 


GENERAL DESCRIPTION 


The SAA1099 is a monolithic integrated circuit designed for generation of stereo sound effects and 
music synthesis. 


Features 


® Six frequency generators 
eight octaves per generator 
256 tones per octave 
Two noise generators 
Six noise/frequency mixers 
Twelve amplitude controllers 
Two envelope controllers 
Two 6-channei mixers/current sink analogue output stages 
TTL input compatible 
Readily interfaces to 8-bit microcontroller 
Minimal peripheral components 
Simple output filtering 


Applications 


Consumer games systems 
Home computers 
Electronic organs 
Arcade games 

Toys 

Chimes/alarm clocks 


QUICK REFERENCE DATA 


Supply voltage (pin 18) Vpp _ typ. 5 V 


Supply current (pin 18) IDp typ. 70 mA 
Reference current (pin 6) lref typ. 250 wA 
Total power dissipation Prot 500 mW 


Operating ambient temperature range Tamb Oto+ 70 9C 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT-102ME). i as 
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Fig. 1 Block diagram. 
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PIN DESIGNATION 


1 WR 

2 CS 

3 AO 

4 OUTR 

5 OUTL 
lref 

7 DTACK 

8 CLK 

9 Vss 

10-17 DO-D7 

18 VDpD 


for sound effects and music synthesis 


WR Vpp 
cs D7 
AO D6 
OUTR | 4 | D5 
OUTL sAAiogg9 [14] D4 
| ref 6 | D3 
DTACK D2 
CLK | 8 | 11] D1 
Vss [9 | DO 
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Fig. 2 Pinning diagram. 


Write Enable: active LOW input which operates in conjunction with CS and 
AO to allow writing to the internal registers. 


Chip Select: active LOW input to identify valid WR inputs to the chip. This 
input also operates in conjunction with WR and AO to allow writing to the 
internal registers. 


Control/Address select: input used in conjunction with WR and CS to load 
data to the control register (AO = QO) or the address buffer (AO = 1). 


Right channel output: a 7-level current sink analogue output for the ‘right’ 
component. This pin requires an external load resistor. 


Left channel output: a 7-level current sink analogue output for the ‘ieft’ 
component. This pin requires an external load resistor. 


Reference current supply: used to bias the current sink outputs. 
Data Transfer Acknowledge: open drain output, active LOW to acknowledge 


successful data transfer. On completion of the cycle DTACK is set to inactive. 


Clock: input for an externally generated clock at a nominal frequency of 
8 MHz. 


Ground: 0 V. 
Data: Data bus input. 
Power supply: + 5 V typical. 
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FUNCTIONAL DESCRIPTION | 


The following sections provide a seas functional description of the SAA1099 as shown in the block 
dieses Ng: 1. 


F requéney generators 


Six frequency generators can each select one of 8 octaves and one of 256 tones within an octave. 
A total frequency range of 31 Hz to 7,81 kHz is available. The outputs may also control noise or 
envelope generators. All frequency generators have an enable bit which switches them on and off, 
making it possible to preselect a tone and to make it inaudible when required. The frequency 
generators may be synchronized using the frequency reset bit. 

The frequency ranges per octave are: 

Octave Frequency range 


31 Hz to 61 Hz 

61 Hz to 122 Hz 

122 Hz to 244 Hz 

245 Hz to 488 Hz 
489 Hz to 977 Hz. 

978 Hz to 1,95 kHz 

1,96 kHz to 3,91 kHz 

3,91 kHz to 7,81 kHz 


“WOORWN=-0 


Noise generators 


_ The two noise generators both pave a ipseanimable output. This may be a software controlled noise 
via one of the frequency controlled generators or one of three pre-defined noises. There is no tone 
produced by the frequency generator when it is controlling the noise generator. The noise produced is 
based on double the frequency generator output, i.e. a range of 61 Hz to 15,6 kHz. 
in the event of a pre-defined noise being chosen, the output of noise generator O can be mixed with 
frequency generator 0, 1 and 2; and the output of noise generator 1 can be mixed with frequency 
generator 3, 4 and 5. In order to produce an equal level of noise and tone outputs (when both are 
mixed) the amplitude of the tone is increased. The three pre-defined noises are based on a clock 
frequency of 7,8 kHz, 15,6 kHz or 31,25 kHz. 


Noise/frequency mixers 
Six noise/frequency mixers each with four selections 


@ Channel off 

® Frequency only 

@ Noise only 

@ Noise and frequency 


Each mixer channel has one of the frequency generator outputs fed to it, three channels use noise 
generator 0 and the other three use noise generator 1. 


Amplitude controllers 


Each of the six channel outputs from the mixer is split up into a right and left component giving 
effectively twelve amplitude controllers. An amplitude of 16 possible levels is assigned to each of the 
twelve signals. With this configuration a stereo effect can be achieved by varying only the amplitude 
component. The moving of a sound from one channel to the other requires, per tone, only one update 
of the amplitude register contents. 

When an envelope generator is used, the amplitude levels are restricted. The number of levels available 
is then reduced to eight. This is achieved by disabling the least significant bit (LSB) of the amplitude 
control. 


Ce en 


aeKeT . ahueersupanummenenaenserten) 


1046 = = May 1985 


SAA1099 


Microprocessor controlled stereo sound generator 


for sound effects and music synthesis 


Envelope controllers 


Two of the six tone generators are under envelope control. This applies to both the left and right 
outputs from the tone generator. 
The envelope has the following eight possible modes: 


Amplitude is zero 

Single attack 

Single decay 

Single attack-decay (triangular) 
Maximum amplitude 
Continuous attack 

Continuous decay 

@ Continuous attack-decay 


The timing of the envelope controllers is programmable using one of the frequency generators (see 
Fig. 1). When the envelope mode is selected for a channel its control resolution is halved for that 
channel from 16 levels to 8 levels by rounding down to the nearest even level. 

There is also the capability of controlling the ‘right’ component of the channel with inverse of the 
‘left’ component, which remains as programmed. 


A direct enable permits the start of an envelope to be defined, and also allows termination of an 
envelope at any time. The envelope rate may be controlled by a frequency channel (see Fig. 1), or by 
the microprocessor writing to the address buffer register. If the frequency channel controlled is OFF 
(NE = FE = 0) the envelope will appear at the output, which provides an alternative ‘non-square’ tone 
capability. In this event the frequency will be the envelope rate, which provided the rate is from the 
frequency channel, will be a maximum of 1 kHz. Higher frequencies of up to 2 kHz can be obtained 
by the envelope resolution being halved from 16 levels to 8 levels. Rates quoted are based on the input 
of a 8 MHz clock. 


Six-channel mixers/current sink analogue output stages 


DEVELOPMENT DATA 


Six channels are mixed together by the two mixers allowing each one to control one of six equally 
weighted current sinks, to provide a seven level analogue output. 


Command/control select 


In order to simplify the microprocessor interface the command and control information is multiplexed. 
To select a register in order to control frequencies, amplitudes, etc. the command-register has to be ‘oaded. 
The contents of this register determines to which register the data is written in the next control-cycig, 

If a continuous update of the control-register is necessary, only the control-information has to be 

written (the command-information does not change). 

If the command/control select (AQ) is logic 0, the byte transfer is control; if AO is logic 1, the byte 
transfer is command. 


Interface to microprocessor 


The SAA10939 is a data bus based |/O peripheral. Depending on the value of the command/contro! 
signal (AO) the CS and WR signals control the data transfer from the microprocessor to the SAA 1099. 
The data-transfer-acknowledge (DTACK) indicates that the data transfer is completed. When, during 
the write cycle, the microprocessor recognizes the DTACK, the bus cycle will be completed by the 
processor. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 18) Vpp —0,3to +7,5 V 
Maximum input voltage Vy —O03to +7,5 V 
at Vpp = 4,5 to 5,5 V Vy —0,5to +7,5 V 
Maximum output current lo max. 10 mA 
Total power dissipation Prot 500 mW 
Storage temperature range T stg —55 to +125 °C 
Operating ambient temperature range Tamb Oto +70 °C 
Electrostatic handling* Ves —1000 to + 1000 V 


= Equivalent to discharging a 250 uF capacitor through a 1 kQ series resistor. 


1048 - May 1985 | | ee : 


SAA1099 


Microprocessor controlled stereo sound generator 
for sound effects and music synthesis 


D.C. CHARACTERISTICS 
Vpp = 5 V + 10%; Tampb = 0 to 70 °C; unless otherwise specified 


Supply 


Supply voltage VoD 
Supply current IDD 
Reference current (note 1) lref 
INPUTS 
Input voltage HIGH VIH 
Input voltage LOW VIL 
Input leakage current +I 
Input capacitance C| 
OUTPUTS 
DTACK (open drain; note 2) 

= Output voltage LOW 

a at lo, = 3,2 mA VOL 

zs Voltage on pin 7 (OFF state) V7.9 

= Output capacitance (OFF state) Co 

6 Load capacitance CL 

2 Output leakage current (OFF state) —ILo 

a Audio outputs (pins 4 and 5) 
With fixed |, of (note 3) 
One channel on lo1/lref 
Six channels on log /6x! ret 
With lref = 250 pA; Ry = 1,5 k&t (+ 5%) 
One channel on 1o1/lre¢ 
Six channels on 196 /6x! ref 
Output current one channel on lo1 
Output current six channels on los 
With resistor supplying |-e¢ (note 4) 
Output current one channel on lo1 
Output current six channels on lo6 
Load resistance Rie 
D.C. leakage current all channels off —ILo 
Maximum current difference between 

left and right current sinks (note 5) + lOmax 

Signal-to-noise ratio (note 6) S/N 
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A.C. CHARACTERISTICS 


Vpp =5 V + 10%; Tamb = 0 to 70 °C; timing measurements taken at 2,0 V for a logic 1 and 0,8 V 
for a logic 0 unless otherwise specified (see waveforms Figs 3 and 4) 


parameter 


Bus interface timing (see Fig. 3) 
AO set-up time to CS fall 

CS LOW to WR fall 

AO set-up time to WR fall 

WR LOW time 

Data bus valid to WR rise 

DTACK fall delay from WR fall (note 7) 
AO hold time from WR HIGH 

CS hold time from WR HIGH 

Data bus hold time from WR HIGH 
DTACK rise delay from WR HIGH 
Bus cycle time (note 8) 


Bus cycle time (note 9) 


Clock input timing (see Fig. 4) 
Clock period 

Clock LOW time 
Clock HIGH time 


Notes to the characteristics 


1. Using an external constant current generator to provide a nominal I,e¢ or external resistor 
connected to Vpp. 

2. This output is short-circuit protected to Vpp and Vss. 

3. Measured with I-e¢ a constant value between 100 and 400 yA; load resistance (Ry) allowed to match 
E12 (5%) in all applications via: 


Ry =0,6 [lpoe] “' —16 [lpep] “°° + 12% 


4. Measured with Rre¢ = 10 kQ (+ 5%) connected between Ire¢ and Vpp; RL = 1,5 kQ (+ 5%); OUTR 
and OUTL short-circuit protected to Vss. 
. Left and right outputs must be driven with identical configuration. 
. Sample tested value only. 
. This timing parameter only applies when no wait states are required; otherwise parameter is invalid. 
. The minimum bus cycle time of four clock periods is for loading all registers except the amplitude 
registers. 
9. The minimum bus cycle time of 16 clock periods is for loading the amplitude registers. In a 
system using DT ACK it is possible to achieve minimum times of 500 ns. Without DTACK the 
parameter given must be used. 


On OD oO 
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Microprocessor controlled stereo sound generator 
for sound effects and music synthesis 


<tasc— \j<«'csw> <—— tanw-—> 
a Awe eS — tcHw ——-—-— ee 
WR ~ a a a Sa a 
el TBSW 2) ee DW 
DO-D7 —_— 
DTACK 


7ZB7EUI 


CLK 


rece or 7Z87812 


Fig. 4 Clock input waveform. 
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APPLICATION INFORMATION 
Device operation 


The SAA1099 uses pulse width modulation to achieve amplitude and envelope levels. The twelve 

signals are mixed in an analogue format (6 ‘left’ and 6 ‘right’) before leaving the chip. The amplitude 

and envelope signals chop the output at a minimum rate of 62,5 kHz, compared with the highest tone 
output of 7,81 kHz. Simple external low-pass filtering is used to remove the high frequency components. 


Rates quoted are based on the input of a 8 MHz clock. 


A data bus based write only structure is used to load the on-board registers. The data bus is used to 
load the address for a register, and subsequently the data to that register. Once the address is loaded 
multiple data loads to that register can be performed. 


The selection of address or data is made by the single address bit AO, as shown in register maps Table 1 
and Table 2. 


The bus control signals WR and CS are designed to be compatible with a wide range of microprocessors, 
a DTACK output is included to optimise the interface with an S68000 series microprocessor. In most 
bus cycles DTACK will be returned immediately, this applies to all register address load cycles and all 
except amplitude data load cycles. With respect to amplitude data, a number of wait cycles may need 
to be performed, depending on the time since the previous amplitude load. DTACK will indicate the 
number of required waits. 


Register description (see Tables 2 and 3) 


The amplitudes are assigned with ‘left’ and ‘right’ components in the same byte, on a channel by 
channel basis. The spare locations that are left between blocks of registers is to allow for future 
expansion, and should be written as zero’s. The tone within an octave is defined by eight bits and the 
octave by three bits. Note that octaves are paired (0/1, 2/3 etc.). The frequency and noise enables are 
grouped together for ease of programming. The controls for noise ‘colour’ (clock rate) are grouped 

in one byte. 


The envelope registers are positioned in adjacent locations. There are two types of envelope controls, 
direct acting controls and buffered controls. The direct acting controls always take immediate effect, 
and are: 


@ Envelope enable (reset) 
® Envelope resolution (16/8 level) 


The buffered controls are acted upon only at the times shown in Fig. 5 and control selection of: 


® Envelope clock source 
-® Waveform type 
® Inverted/non-inverted ‘right’ component . 


Table 1 External memory map 


select 
AO 


operations 


data for internal registers 
internal register address 


Where X = don’t care state. 
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Table 2 Internal register map 


register 
address | D7 D6 D5 


00 ARO3 | ARO2! ARO1 
01 1 1 1 
02 2 2 2 
03 3 3 3 
04 4 4 4 
05 5 5 5 
06 X Xx X 
07 X Xx X 
08 FO7 |FO6 | FO5 
09 1 1 1 
0A 2 2 2 
OB 3 3 3 
OC 4 4 4 
OD F57 | F56 | F55 
OE xX x xX 
OF x x X 
10 X 1012 | 011 
11 Xx 032 | 031 
12 x 052 | 051 
13 Xx Xx X 
14 xX xX FE5 
15 X Xx | NES 
16 Xx X N11 
WZ ax xX xX 
18 EO7 |X E05 
19 E17 |X E15 
1A X X |X 
1B | X X X 
1C X X xX 
1D x X X 
1E x X Xx 
1F x X Xx 
Where: 


D4 


eG Oo og Ol aes Oa 
& 


xx a 
iS 


data bus inputs 


D3 


TMEPWN- TXxXXKORWN 
o 
as) 


O1 
w 


X 
X 
X 
xX 
X 
x 


All don’t cares (X) should be written as zero’s. 
00 to 1F block of registers repeats eight times in the block between addresses 00 to FF (full internal 


memory map). 


TMPWN]|TxkXXORWN 
All ax x 
N NO 


x xX 


D1 
ALO1 


THAWN-UXXARWN = 
— 


gS 


DO 
ALOO 


TMAWN=>2 TX &KORWHNH = 


xx GF 
ro) 


SAA1099 


operations 


amplitude O right channel; 


| left channel 


amplitude 1 right/left 
amplitude 2 right/left 
amplitude 3 right/left 
amplitude 4 right/left 
amplitude 5 right/left 


frequency of tone 0 
frequency of tone 1 
frequency of tone 2 
frequency of tone 3 
frequency of tone 4 
frequency of tone 5 


octave 1; octave 0 
octave 3; octave 2 
octave 5; octave 4 


frequency enable 
noise enable 
noise generator 1; 


| noise generator O 


envelope generator O 


envelope generator 1 


frequency reset (all channels) 
sound enable (all channels) 


OF AIA LLERPIESAY 
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APPLICATION INFORMATION (continued) 
Table 3 Register description 


bit description 


ARn3; ARn2; 
ARn1; ARnO 
(n = 0,5) 


4 bits for amplitude control 

of right channel 

0000 > minimum amplitude (off) 
1111 maximum amplitude 


4 bits for amplitude control 

of left channel 

0000 minimum amplitude (off) 
1111 =maximum amplitude 


ALn3; ALn2; 
Atn1; ALnO 
(n=0,5) 


Fn7 to FnO 
(n = 0,5) 


8 bits for frequency contro! 

of the six frequency generators 
0000000 0 lowest frequency 
11111111 highest frequency 


On2: On1: On0 
(n = 0,5) 


bits for octave control 

0 0 lowest octave (31 Hz to 61 Hz) 

0 1 (61 Hz to 122 Hz) 
1 0 (122 Hz to 244 Hz) 
1 1 (245 Hz to 488 Hz) 
00 (489 Hz to 977 Hz) 
0 1 
10 
1 1 


(978 Hz to 1,95 kHz) 
(1,96 kHz to 3,91 kHz) 
highest octave (3,91 kHz to 7,81 kHz) 


FEn frequency enable bit (one tone per generator) 
(n = 0,5) FEn = 0 indicates that frequency ‘n’ is off 


3 
0 
0 
0 
0 
1 
1 
1 
1 


NEn noise enable bit (one tone per generator) 

(n = 0,5) NEn = 0 indicates that noise ‘n’ is off 

Nn1; NnO 2 bits for noise generator control. 

(n = 0,1) These bits select the noise generator rate (noise ‘colour’) 


Nn1 NnO clock frequency 
0 0 31,3 kHz 
1 15,6 kHz 
0 7,6 kHz 
1 61 Hz to 15,6 kHz (frequency generator 0/3) 


0 
1 
1 
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7 bits for envelope control 
En0 
O left and right component have the same envelope 
1 right component has inverse of envelope that is applied to left 


En7; 
En5 to EnO 
(n=0,1) 


component 
En3 En2 Ent 
0 0 0 zero amplitude 
0 0 1 maximum amplitude 
0 1 0 single decay 
0 1 1 repetitive decay 
1 0 0 single triangular 
1 0 1 repetitive triangular 
1 1 0 single attack 
1 1 1 repetitive attack 
En4 
O A4bits for envelope control (maximum frequency = 977 Hz) 
1 3 bits for envelope control (maximum frequency = 1,95 kHz) 
En5 
QO internal envelope clock (frequency generator 1 or 4) 
1 external envelope clock (address write pulse) 
En7 
O — reset (no envelope control) 
1. envelope control enabled 


SE sound enable for all channels 
(reset on power-up to O) 

QO all channels disabled 

1 all channels enabled 


DEVELOPMENT DATA 


Reset signal to all frequency generators 
0 all generators enabled 
1 all generators reset and synchronized 


Note 
All rates given are based on the input of a 8 MHz clock. 
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APPLICATION INFORMATION (continued) 


envelo 

En3 En2 En1 EnO 

0 0 O 0 

0 0 1 #O 

0 1 0 #90 

0 i 1 0 

1 0 0 0 

1 0 | 1 O 

1 1 0 O 

1 1 #1 = 0 
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pe generator inactive envelope generator active 
(En7 =0) (En7 = 1) 


(3) 
VMI : 
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[ae (1) | A | 
(3) 


Dm 
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=a 
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Fig. 5 Envelope waveforms. 
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Microprocessor controlled stereo sound generator 
for sound effects and music synthesis 


Notes to Fig. 5 
(1) The level at this time is under amplitude control only (En7 = 0; no envelope). 


(2) When the generator is active (En7 = 1) the maximum level possible is 7/8ths of the amplitude level. 


(3) After position (3) the buffered controls will be acted upon when loaded. 
(4) At positions (4) the buffered controls will be acted upon if already loaded. 


(5) Waveforms ‘a’ to ‘h’ show the left channel (EnO = 0; left and right components have the same 
envelope). 
Waveform ‘i’ shows the right channel (EnO = 1; right component inverse of envelope applied to 
left). 


CLOCK 
GENERATOR 


OUTPUT 


OUTPUT AMPLIFIER 


CLK (8 MHz) left channel 


output 


<x 

y; OUTPUT 

O AMPLIFIER 

b 

2 right channel 
S output 
Q.. 

o 

LU 7290787 
> 

LL 

QO 


Fig. 6 Typical application circuit diagram. 
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I?C-BUS PERIPHERALS 


PORGSIT sw x itid 5 areata tale aap tb earns Dieter Se ae Se ee os oan a 
POR SOT TAS cise fi tee sles sd a Gebel Gc hdd GS AR Am iad NS ae ae gel ai 
PCPS0GS iss cut aches Rhea Fae ERs kOe ee ewan dine water 
POFSO9L ie hah he eee Cea Lawe ease rae Od 


User manual 1986 * 
“Single-chip 8-bit Microcontrollers” 
Available on request 


* Includes |? C-bus specification 


Purchase of Philips 1? C components conveys a licence under the 
Philips 1?C patent to use the components in the |?C system 
provided the system conforms to the |*C specification defined 
by Philips. 
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DEVELOPMENT DATA 
This data sheet contains advance information and a . PCB8582 


specifications are subject to change without notice. 


STATIC CMOS EEPROM (256 x 8 BIT) 


GENERAL DESCRIPTION 


The PCB8582 is a 2K-bit 5 V electrically erasable programmable read only memory (EEPROM) 
organized as 256 by 8 bits. It is designed in a floating gate CMOS technology. 


As data bytes are received and transmitted via the serial 1*C bus, an eight pin DIL package is sufficient. 
Up to eight PCB8582 devices may be connected to the !7C bus. 


Chip select is accomplished by three address inputs. 


Features 


Non-volatile storage of 2K-bit organized as 256 x 8 
Only one power supply required (5 V) 

On chip voltage multiplier for erase/write 

Serial input/output bus (1? C) 

Automatic word address incrementing 

Low power consumption 

One point erase/write timer 

Power on reset 

10 000 erase/write cycles per byte 

10 years non-volatile data retention 

Infinite number of read cycles 

Pin and address compatible to PCF 8570, PCF8571 and PCD8572 


@ Aversion for extended temperature range, —40 to + 85 °C, in preparation: PCF8582. = 


PACKAGE OUTLINE 
PCB8582P: 8-lead DIL; plastic (SOT-97AE). | : ~-— 
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PCB8582 | 


SCL INPUT STATUS 


SDA FILTER »| REGISTER 1 


TEST MODE 
DECODER/TEST 


CONTROL 
FUNCTION 


Fig. 1 Block diagram. 
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STATUS 
REGISTER 2 


7 OSCILLATOR 


10 kHz 


7Z287970.1° 


vU 
©) 
WO 
OO 
Ol 
OO 
NO 


Static CMOS EEPROM (256 x 8 bit) PCB8582 


1 AO 
2 Al address inputs/test 
3 A2 mode select 
PCBBSE? 4 Vss__ ground 
5 SDA|\ , 
6 SCL I-C bus lines 
7 RC input for timer constant 
7287969 a 
8 Vpp positive supply 


Fig. 2 Pinning diagram. 
FUNCTIONAL DESCRIPTION 


Characteristics of the 1?C bus 


The |*C bus is intended for communication between different ICs. The serial bus consists of two 
bi-directional lines, one for data signals (GDA), and one for clock signals (SCL). Both the SDA and the 
SCL lines must be connected to a positive supply voltage via a pull-up resistor. 


The following protocol has been defined: 

Data transfer may be initiated only when the bus is not busy. 

During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in the 
data line while the clock line is HIGH will be interpreted as control signals. 


Accordingly, the following bus conditions have been defined: 

Bus not busy: both data and clock lines remain HIGH. 

Start data transfer: a change in the state of the data line, from HIGH to LOW, while the clock is HIGH 
defines the start condition. 

Stop data transfer: a change in the state of the data line, from LOW to HIGH, while the clock is HIGH, 
defines the stop condition. 

Data valid: the state of the data line represents valid data when, after a start condition, the data line 

is stable for the duration of the HIGH period of the clock signal. The data on the line may be changed 
during the LOW period of the clock signal. There is one clock pulse per bit of data. 


DEVELOPMENT DATA 


Each data transfer is initiated with a start condition and terminated with a stop condition; the number 
of the data bytes, transfered between the start and stop conditions is limited to two bytes in the 
ERASE/WRITE mode and unlimited in the READ mode. The information is transmitted in bytes and 
each receiver acknowledges with a ninth bit. 


Within the |? C bus specifications a low-speed mode (2 kHz clock rate) and a high-speed mode (100 kHz 
clock rate) are defined. The PCB8582 operates in both modes. <+. 
By definition a device that gives out a signal is called a ’’transmitter’’, and the device which receives 

the signal is called a ’’receiver’’. The device which controls the signal is called the ‘‘master”. The devices 

that are controlled by the master are called ‘’slaves’’. 


Each word of eight bits is followed by one acknowledge bit. This acknowledge bit is a HIGH level put 
on the bus by the transmitter whereas the master generates an extra acknowledge related clock pulse. 
A slave receiver which is addressed is obliged to generate an acknowledge after the reception of each 
byte. 

Also, a master receiver must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. 

The device that acknowledges has to pull down the SDA line during the acknowledge clock pulse in 
such a way that the SDA line is stable LOW during the high period of the acknowledge related clock 
pulse. | 

Set-up-and hold times must be taken into account. A master receiver must signal an end of data to the 
slave transmitter by not generating an acknowledge on the last byte that has been clocked out of the 
slave. In this case the transmitter must leave the data line HIGH to enable the master generation of the 
stop condition. 
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Note 


—wz The general characteristics and detailed specification of the |7C bus is available on request. 


I?C bus protocol 


The 1*C bus configuration for different READ and WRITE cycles of the PCB8582 are shown in 
Fig. 3. 


acknowledge acknowledge acknowledge acknowledge 
from slave from slave from slave from slave 


—_—_ SLAVE ADDRESS jo} 4] WORD ADDRESS DATA DATA (1) 


7794117.1 R/W auto increment auto increment 
word address (2) word address (2) 


Fig. 3(a) Slave receiver ERASE/WRITE mode. 


(1.)After this stop condition the erase/write cycle starts and the bus is free for another transmission ; 
the duration of the erase/write cycle is approximatly 20 ms if only one byte is written, and 40 ms, 


if two bytes are written. During the erase/write cycle the slave receiver does not send an acknow- 
ledge bit if addressed via 17 C bus. 


— , (2.)The second data byte is voluntary. It is not allowed to erase/write more than two bytes. 


acknowledge acknowledge acknowledge acknowledge 
from slave from slave from slave from master 


cSt SLAVE ADDRESS 0 a] WORD ADDRESS al Ss SLAVE ADDRESS 1 DATA ae 


i at this moment master tL ‘cae 
R/W transmitter becomes R/W y 
' master receiver and 


PCB8582 slave receiver auto Puta 
7287032.4 becomes slave transmitter word adaress 


no acknowledge 
from master 


! 
a OORCCOORIL] 


i last byte me | 


auto increment 
word address 


Fig. 3(b) Master reads PCB8582 slave after setting word address. 
(WRITE word address; READ data). 


Note: The slave address is defined in accordance with the |?C bus specification as: 


Ogg oon 
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acknowledge acknowledge no acknowledge 
from slave from master from master 


mentors |] ee 


R/W /——n bytes L______ last byte ne 


auto increment auto increment 
7Z87033.4 word address word address 


Fig. 3(c) Master reads PCB8582 slave immediately after first byte (READ mode). 


I?C bus timing 
' i 
— TR a 
 § ee nr 
i 
<x 
Q SCL 
= 
Z 
= a “UD; a ae tr — <<. ore SIGH _ —<_— 
O tHD:DAT tsu:DAT 
i 
TT 
> SDA 
Li 
an) 
7287013.1 al naa aati aaa 
SU;STA tsu;STO 
Fig. 4 1?C bus, timing. 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage VDD —0,3to7 V 
Voltage, on any input pin 
(input impedance 500 £2) V\ Vss—0,8 to Vpp +0,8 V 
Operating temperature range Tamb Oto +70 SC 
Storage temperature range T stg —65 to +150 OC 
Current into any input pin 1 1 mA 
Output current lo 10 mA 
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CHARACTERISTICS 
Vpp =5V; Vss=0V;Tamb = 0 to + 70 °C, unless otherwise specified. 


parameter 


Operating supply voltage 

Operating supply current, READ 
— (fsLC = 100 kHz) 
—| Operating supply current, WRITE/ERASE 
—| Standby supply current (Vpp = 5 V) 


—ej| Input SCL and input/output SDA 


Input/output SDA: 
Input voltage LOW 
Input voltage HIGH 
Output voltage LOW 
(lol =3 mA, Vpp = 4,5 V) 
Output leakage current HIGH (VQoH = Vpp) 
Input leakage current 
(A0,A1,A2, SCL), (note 1) 
Clock frequency 
Input capacity (SCL,SDA) 
Noise suppression time constant 
at SCL and SDA input 
Time the bus must be free before a new 
transmission can start 
Hold time start condition. After this period 
the first clock pulse is generated 
The LOW period of the clock 
The HIGH period of the clock 
Set-up time for start condition (only 
relevent for a repeated start condition) 
Hold time DATA for: 
CBUS compatible masters 
|? C devices (note 2) 
Set-up time DATA 
Rise time for both SDA and SCL lines 
Fall time for both SDA and SCL lines 
Set-up time for stop condition 


Erase/write timer constant (note 3) 


Erase/write cycle time 
Erase/write timing capacitor for 
erase/write cycle of 30 ms 
Erase/write timing resistor for 
erase/write cycle of 30 ms 

Data retention time 
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Notes to the characteristics 

1. Selection of the chip address is done by connecting the AO, A1, and A2 inputs either to Vss or Vpp. 

2. A transmitter must internally provide a hold time to bridge the undefined region (maximum 300 ns) 
of the falling edge of SCL. 


3. Endurance (number of erase/write cycles), NE/W, is 10* E/W cycles. 


Purchase of Philips” |* C components conveys a license under the 
Philips’ 1?C patent to use the components in the |? C-system 
provided the system conforms to the |*C specifications defined 
by Philips. 
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DEVELOPMENT DATA [ PCF8566 


This data sheet contains advance information and 
specifications are subject to change without notice. 


UNIVERSAL LCD DRIVER FOR LOW MULTIPLEX RATES 


GENERAL DESCRIPTION 


The PCF8566 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having 
low multiplex rates. It generates the drive signals for any static or multiplexed LCD containing up to 
four backplanes and up to 24 segments and can easily be cascaded for larger LCD applications. The 
PCF8566 is compatible with most microprocessors/microcontrollers and communicates via a two-line 
bidirectional bus (1*C). Communication overheads are minimized by a display RAM with auto-incre- 
mented addressing, by hardware subaddressing and by display memory switching (static and duplex 
drive modes). 


Features 


Single-chip LCD controller/driver 

Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing 

Selectable display bias configuration: static, 1/2 or 1/3 

Internal LCD bias generation with voltage-follower buffers 

24 segment drives: up to twelve 8-segment numeric characters; up to six 15-segment alphanumeric 
characters; or any graphics of up to 96 elements 

24 x 4-bit RAM for display data storage 

Auto-incremented display data loading across device subaddress boundaries 

Display memory bank switching in static and duplex drive modes 

Versatile blinking modes 

LCD and logic supplies may be separated 

3 V to 6 V power supply range 

Low power consumption 

Power-saving mode for extremely low power consumption in battery-operated and telephone 
applications 

|?C bus interface 

TTL/CMOS compatible 

Compatible with any 4-bit, 8-bit or 16-bit microprocessors/microcontrollers 

May be cascaded for large LCD applications (up to 1536 segments possible) 

Cascadable with the 40 segment LCD driver PFC85/6 

Optimized pinning for single plane wiring in both single and multiple PCF8566 applications 
Space-saving 40-lead plastic mini-pack (VSO-40; SOT-158A) 

No external components required (even in multiple device applications) 

Manufactured in silicon gate CMOS process 


Purchase of Philips’ 1*C components conveys a license under the Philips’ 1?C 
patent to use the components in the |*C-system provided the system conforms 
to the |*C specification defined by Philips. 


PACKAGE OUTLINES 


PCF8566T: 40-lead mini-pack; (VSO-40; SOT-158A). 
PCF8566P: 40-lead DIL: plastic (SOT-129). 
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Fig. 1 Block diagram. 
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Universal LCD driver for low multiplex rates PCF8566 


PINNING 
1 SDA I2C bus data input/output 
2 SCL IC bus clock input/output 
3 SYNC cascade synchronization input/output 
4 CLK external clock input/output 
5 Vpop positive supply voltage 
6 OSC oscillator input 
7 AO 
8 Al IC bus subaddress inputs 
9 A2 
10 SAO I?C bus slave address bit 0 input 
11 Vss logic ground 
PCF8566 12 VLCD LCD supply voltage 
13 BPO 
14 BP2 
15 BPI LCD backplane outputs 
16 BP3 
17 SO 
to to ~ LCD segment outputs 
40 $23 


DEVELOPMENT DATA 


7297492 


Fig. 2 Pinning diagram. 
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FUNCTIONAL DESCRIPTION 


The PCF8566 Is a versatile peripheral device designed to interface any microprocessor to a wide variety 
of LCDs. It can directly drive any static or multiplexed LCD containing up to four backplanes and up 
to 24 segments. The display configurations possible with the PCF8566 depend on the number of active 
backplane outputs required; a selection of display configurations is given in Table 1. 


Table 1 Selection of display configurations 


active back- no. of 7-segment 14-segment dot matrix 
plane outputs segments numeric alphanumeric 


12 digits + 6 characters + 
12 indicator 12 indicator 
symbols symbols 


9 digits + 4 characters + 
9 indicator 16 indicator 


symbols symbols 


6 digits + 3 characters + 
6 indicator 6 indicator 
symbols symbols 


3 digits + 1 characters + 24 dots 
3 indicator 10 indicator 
symbols symbols 


All of the display configurations given in Table 1 can be implemented in the typical system shown in 
Fig. 3. The host microprocessor/microcontroller maintains the two-line |12C bus communication channel 
with the PCF8566. The internal oscillator is selected by tying OSC (pin 6) to Vss. The appropriate 
biasing voltages for the multiplexed LCD waveforms are generated internally. The only other connec- 
tions required to complete the system are to the power supplies (Vpp, Vss and Vi_cp) and to the 
LCD panel chosen for the application. 


LCD PANEL 


HOST : 
MICRO- 
PROCESSOR / PCF 8566 (up to 96 
en elements ) 
CONTROLLER 13~16 [4 backplanes >} 


SC 
. 6 
7 8 9 10 1 


Fig. 3 Typical system configuration. 
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DEVELOPMENT DATA 


Power-on reset 


At power-on the PCF 8566 resets to a defined starting condition as follows: 
1. All backplane outputs are set to Vpp. 

2. All segment outputs are set to Vpp. 

3. The drive mode ‘1 : 4 multiplex with 1/3 bias’ is selected. 

4. Blinking is switched off. 

5. Input and output bank selectors are reset (as defined in Table 5). 

6. The I°C bus interface is initialized. 

7. The data pointer and the subaddress counter are cleared. 


Data transfers on the I?C bus should be avoided for 1 ms following power-on to allow completion of the 
reset action. 


LCD bias generation 


The full-scale LCD voltage (Vo) is obtained from Vpp — Vicp. The LCD voltage may be temperature 
compensated externally through the V; cp supply to pin 12. Fractional LCD biasing voltages are obtained 
from an internal voltage divider of three series resistors connected between Vpp and V\ cp. The centre 
resistor can be switched out of circuit to provide a % bias voltage level for the 1 : 2 multiplex configuration. 


LCD voltage selector 


The LCD voltage selector coordinates the multiplexing of the LCD according to the selected LCD drive 
configuration. The operation of the voltage selector is controlled by MODE SET commands from the 
command decoder. The biasing configurations that apply to the preferred modes of operation, together 
with the biasing characteristics as functions of Von = Vpp — VLCp and the resulting discrimination 
ratios (D), are given in Table 2. 


Table 2 Preferred LCD drive modes: summary of characteristics 


LCD bias 
configuration 


LCD drive mode V of f(rms) D= Von(rms) 


Vop V off(rms) 


0 1 0° 
/2/4= 0,354 | ,/10/4=0,791 | \/5= 2,236 


static (2 levels) 
1/2 (3 levels) 


static (1 BP) 
1: 2 MUX (2 BP) 


1: 2 MUX (2 BP) 1/3 (4 levels) 1/3 = 0,333 5/3 =0,745 | /5= 2,236 
1: 3 MUX (3 BP) 1/3 (4 levels) 1/3 = 0,333 /33/9 = 0,638 | /33/3 = 1,915 
1: 4 MUX (4 BP) 1/3 (4 levels) 1/3=0,333 | ./3/3=0,577 | ./3= 1,732 
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LCD voltage selector (continued) 


A practical value for Vop is determined by equating Voff(rms) with a defined LCD threshold voltage 
(Vth), typically when the LCD exhibits approximately 10% contrast. In the static drive mode a 
suitable choice is Vop £3 Vth. 

Multiplex drive ratios of 1 : 3 and 1 : 4 with 1/2 bias are possible but the discrimination and hence the 
contrast ratios are smaller 4/3 = 1,732 for 1 : 3 multiplex or,/21/3 = 1,528 for 1 : 4 multiplex). 

The advantage of these modes is a reduction of the LCD full scale voltage Vp as follows: 


1: 3 multiplex (1/2 bias) : Vop =/6 Voff(rms) = 2,449 Voff(rms) 
1: 4 multiplex (1/2 bias) : Vop = 4,/3/3 Voff(rms) = 2,309 Voff(rms) 
These compare with Von = 3 Voff(rms) when 1/3 bias is used. 


LCD drive mode waveforms 


The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and 
segment drive waveforms for this mode are shown in Fig. 4. 


|< Trame"| LCD segments 
Vpp-== 
BPO 
ViLcD 
VDD 
VicD — 


Vpp — 
Sn+1 | | | 
VLCD 


(a) WAVEFORMS AT DRIVER 


At any instant (t): 
Vstate 1(t) = Vs, (t) - Vepo(t) 


-Vop — , Von(rms) = Vop 


state 1 0 


Vstate 2(t)=Vs_ 4 (t) - Vepolt) 
Voff(rms) =9 V 


state 2 Qo — 


-Vop = 


(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 
7291465 


Fig. 4 Static drive mode waveforms: Von = Vpp — VLCD- 
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When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF 8566 
allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6. 


<S. Tframe aa 
| LCD segments 


‘0p. | 
BPO eoorwcoin——y | Ly = 
50) Beets ral 


state 1 


V a 
DD state 2 
BP1 (Vpp+ Vicp)/2 — N 


ViCD = 

Vp 

Vic 

Yo) 
gf Sn+1 
<q Vico =e 
= (a) WAVEFORMS AT DRIVER 
rd ‘oo At any instant (t): 
= ere Vstate 1(t) = Vs_(t) — Vepolt) 
o state 1 SSS V 

op 7 

S —Vop/2 ————— Von(rms) = “4A. 10 = 0,791Vop 
Lu 
an) -Vop 

Se i ae , Vstate 2(t) = Vs, (t) — Vepi1(t) 

Vop/2 ————— Vo 

p 
state2 0 — | —_ Votf(rms) = —g- V2 = 0,354Vop 
-Vop/2 ————— 
Ve, 7291477 


(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 


Fig. 5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: Von = Vpp — VLCD.- 
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LCD drive mode waveforms (continued) 


<«—— frame ———> 


LCD segments 


Vpp -—---— 
Vicp > 


Vpbp ———-— state 2 


VCD 


Vpbb —————— 

2 Vpp —Vop/3 ——- 

VoD -2 Vop/3 — 
ViLCD —_—__- 


VDD 
Vpp-Vop/3 —~- 
Vop—2 Vop/3 — 
VLCD 


BPO 


Sn+1 


(a) WAVEFORMS AT DRIVER 
Vigec 
2Vop/3 
Mop eee Vstate 1(t) = Vs. (t) — Vepo(t) 
state 1 8 cara eee 
~Vop/3 
LON aie 
= ee 


At any instant (t): 


Vop 
Von(rms) = —_ v8 = 0,745Vop 


2Vop/3 


V 
Vop/3 ———— op 
state 2 eae we a de Voff(rms) = "3.7 0,333V op 
—Vop/3 ———— 


—Vop 


— Vstate 2(t) = Vs_ (t) — Vept(t) 


aa aa : 7Z91466 
(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 


Fig. 6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Vop = Vpp — VLCD. 


The backplane and segment drive wavefront for the 1 : 3 multiplex drive mode (three LCD backplanes) 
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively. 
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¥op =—— = 
VpD~-Vop/3 —— 
Vpp—2 Vop/3 — 
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Vp. 

VpD—Vop/3 —— Se 
VoD —2 Vop/3 — 

VLCD 

SS 

VoDp-Vop/3 — 

VoD —2 Vop/3 — 

VLCD 

Vpp ————__—_ 

VpD—Vop/3 —— 

Vpp—2 Vop/3 — 

VLCD 

Vpp ———— 

Vop—Vop/3 == 

VDD ~—2 Vop/3 — 

VLCD 

Vpp —-———_ 

VpD-Vop/3 — 

VoD —2 Vop/3 — 

VLCD 
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BP1 


BP2 


Sn+1 


Sn4+2 


(a) WAVEFORMS AT DRIVER 
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op! 9 
‘o/s Vstate 1(t) = Vs,'t) — Vepolt) 
state 1 = V 


a V caters _ /33 = 0,638V op 
—2Vop/3 


o ene Vstate 2(t) = Vs, (t) ~ Vepq(t) 
op 
V 


2 Vop/3 Op 
oS Voff(rms)= 3 0,333V op 


DEVELOPMENT DATA 


Vop/3 
state 2 0 
—Vop/3 
—2 Vop/3 
Voy 7Z91478 
(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 


Fig. 7 Waveforms for 1 : 3 multiplex drive mode: Vop = Vpop — VLCD- 
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LCD drive mode waveforms (continued) 


VbD 
Vpp~Vop/3 —_— 
Vpop~-2 Vop/3 —_ 
VicD 
Vop — 
VoD~-Vop/3 — 
BPI VoD —2 Vop/3 — 
VLCD 
VpD 
Vp p- Vop/3 —— 
VpD—2 Vop/3 — 
‘icp 
Vpp ——_—_—__—- 


bree eedees pas _— LCD segments 


BPO | 


BP2 


Vop — Vop/3 —— 
VoD ~—2 Vop/3 — 
VLCD 

Vpp ——__——_- 
Vpop-Vop/3 —— 
VoD —2 Vop/3 — 
VLCD 
VDD 
Vop—Vop/3 —— 
VoD —-2 Vop/3 — 
VLCD 

VDD 

Vpp-VYop/3 —— 
VpD-2 Vop/3 — 
VLCD 

VDD 
Vop —Vop/3 —— 
VoD 2 Vop/3 — 
Yeo == 


BP3 


Sn 


Sn+1 


Sn+2 


Sn+3 


| (a) WAVEFORMS AT DRIVER 
Mop At any instant (t): 


Vop/3 eae nae tei Vstate q(t) = 
ge ee Vs, (t) — Vepott) 


Von(rms) = 


V 
v3 = 0,577Vop 


——LPLJIL Lown 
state2 0 ———-— | Ve (t)—V t 
~Vop/3 S,| BP1(t) 


7Z91479 Voff(rms) = 


Vo 
(b) RESULTANT WAVEFORMS _OP _ 0,333Vop 
AT LCD SEGMENT 


Fig. 8 Waveforms for 1 : 4 multiplex drive mode: Voy = Vpp — Vicp- 
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Oscillator 


The internal logic and the LCD drive signals of the PCF 8566 or PCF8576 are timed either by the 
built-in oscillator or from an external clock. 


The clock frequency (fc, K) determines the LCD frame frequency and the maximum rate for data 
reception from the |*C bus. To allow I*C bus transmissions at their maximum data rate of 100 kHz, 
fcLK should be chosen to be above 125 kHz. 


A clock siqnal must always be supplied to the device: removing the clock may freeze the LCD in ad.c. 
state. 


Internal clock 


When the internal oscillator is used, OSC (pin 6) should be tied to Vss. In this case, the output from 
CLK (pin 4) provides the clock signal for cascaded PCF 8566s and PCF8576s in the system. 


External clock 


The condition for external clock is made by tying OSC (pin 6) to Vpp; CLK (pin 4) then becomes the 
external clock input. 


Timing 

The timing of the PCF8566 organizes the internal data flow of the device. This includes the transfer of 
display data from the display RAM to the display segment outputs. In cascaded applications, the 
synchronization signal SYNC maintains the correct timing relationship between the PCF8566s in the 
system. The timing also generates the LCD frame frequency which it derives as an integer multiple of 
the clock frequency (Table 3). The frame frequency is set by MODE SET commands when internal 
clock is used, or by the frequency applied to pin 4 when external clock is used. 


Table 3 LCD frame frequencies 


PCF8566 mode fframe nominal fframe (Hz) 


normal mode fcLk/2880 64 
power-saving mode fcLK/480 64 


The ratio between the clock frequency and the LCD frame frequency depends on the mode tn which 
the device is operating. In the power-saving mode the reduction ratio is six times smaller; this allows 
the clock frequency to be reduced by a factor of six. The reduced clock frequency results in a signif! 
cant reduction in power dissipation. The lower clock frequency has the disadvantage of increasirig the 
response time when large amounts of display data are transmitted on the |*C bus. When a device is 
unable to ‘digest’ a display data byte before the next one arrives, it holds the SCL line low until! the 
first display data byte is stored. This stows down the transmission rate of the |17C bus but no data loss 


OcCuUrs. 
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Display latch 


The display latch holds the display data while the corresponding multiplex signals are generated. There 
is a one-to-one relationship between the data in the display latch, the LCD segment outputs and one 
column of the display RAM. 


Shift register 


The shift register serves to transfer display information from the display RAM to the display latch while 
previous data are displayed. 


Segment outputs 


The LCD drive section includes 24 segment outputs SO to $23 (pins 17 to 40) which should be connected 
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back- 
plane signals and with the data resident in the display latch. When less than 24 segment outputs are 
required the unused segment outputs should be left open. 


Backplane outputs 


The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly 
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode. 
If less than four backplane outputs are required the unused outputs can be left open. In the 1: 3 multi- 
plex drive mode BP3 carries the same signal as BP1, therefore these two adjacent outputs can be tied 
together to give enhanced drive capabilities. In the 1:2 multiplex drive mode BPO and BP2, BP1 and 

BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the 
static drive mode the same signal is carried by all four backplane outputs and they can be connected in 
parallel for very. high drive requirements. 


Display RAM 


The display RAM is a static 24 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map 
indicates the ‘on’ state of the corresponding LCD segment; similarly, a logic O indicates the ‘off’ state. 
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between 
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the 
24 segments operated with respect to backplane BPO (Fig. 9). In multiplexed LCD applications the 
segment data of the second, third and fourth column of the display RAM are time-multiplexed with 

BP1, BP2 and BP3 respectively. | 


display RAM addresses (rows) / segment outputs (S) 
19 20 21 22 23 


0 1 2 3 4 ot 
display RAM bits 0 a 
(columns) / a a a 
backplane outputs 4 diieeets Meme Ss : 
(BP) 2 


7297488 


Ww 


Fig. 8 Display RAM bit-map showing direct relationship between display RAM addresses and segment 
outputs, and between bits ina RAM word and backplane outputs. 
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When display data are transmitted to the PCF 8566 the display bytes received are stored in the display 
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg- 
ment numeric display showing all drive modes is given in Fig. 10; the RAM filling organization depicted 
applies equally to other LCD types. 


With reference to Fig. 10, in the static drive mode the eight transmitted data bits are placed in bit O of 
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data 

bits are placed in bits O and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive 
mode these bits are placed in bits 0, 1 and 2 of three successive addresses, with bit 2 of the third address 
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but 
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the 
1: 4 multiplex drive mode the eight transmitted data bits are placed in bits O, 1, 2 and 3 of two suc- 
cessive display RAM addresses. 


Data pointer 


The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading 
of an individual display data byte, or a series of display data bytes, into any location of the display 

RAM. The sequence commences with the initialization of the data pointer by the LOAD DATA POINTER 
command. Following this, an arriving data byte is stored starting at the display RAM address indicated 

by the data pointer thereby observing the filling order shown in Fig. 10. The data pointer is automati- 
cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the 
contents of the data pointer are incremented by eight (static drive mode), by four (1 : 2 multiplex 

drive mode), by three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex drive mode). 


Subaddress counter 


The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed 
to take place only when the contents of the subaddress counter agree with the hardware subaddress 
applied to AO, Al and A2 (pins 7, 8, and 9). AO, A1 and A2 should be tied to Vss or Vpp. The 
subaddress counter value is defined by the DEVICE SELECT command. If the contents of the sub- 
address counter and the hardware subaddress do not agree then data storage is inhibited but the data 
pointer is incremented as if data storage had taken place. The subaddress counter is also incremented 
when the data pointer overflows. 

The storage arrangements described lead to extremely efficient data loading in cascaded applications. 
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next 
PCF8566 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is 
successful even if the change to the next device in the cascade occurs within a transmitted character. 
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Fig. 10 Relationships between LCD layout, drive mode, display RAM filling order 7Z91469 
and display data transmitted over the I?C bus (x = data bit unchanged). 
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Output bank selector 


This selects one of the four bits per display RAM address for transfer to the display latch. The actual 
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex 
sequence. In 1 : 4 multiplex, all RAM addresses of bit O are the first to be selected, these are followed 
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected 
sequentially. In 1 : 2 multiplex, bits O then 1 are selected and, in the static mode, bit 0 is selected. 


The PCF8566 includes a RAM bank switching feature in the static and1 : 2 multiplex drive modes. In 
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected 
for display instead of bit O contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be 
selected instead of bits 0 and 1. This gives the provision for preparing display information in an 
alternative bank and to be able to switch to it once it is assembled. 


Input bank selector 


The input bank selector loads display data into the display RAM according to the selected LCD drive 
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3 in 1 : 2 drive 
mode by using the BANK SELECT command. The input bank selector functions independently of the 
output bank selector. 


Blinker 


The display blinking capabilities of the PCF 8566 are very versatile. The whole display can be blinked 
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the 
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which 
the device is operating, as shown in Table 4. 


An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the 
static and 1 : 2 LCD drive modes and can be implemented without any communication overheads. By 
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks 
at the blinking frequency. This mode can also be specified by the BLINK command. 


DEVELOPMENT DATA 


In the 1: 3 and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD 
segments can be blinked by selectively changing the display RAM data at fixed time intervals. 


If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can 
be effectively performed by resetting and setting the display enable bit E at the required rate using the 
MODE SET command. 


Table 4 Blinking frequencies 


blinking mode normal operating power-saving nominal blinking frequency 


mode ratio mode ratio folink (Hz) 
off _ — blinking off 
2 Hz | fcLK/92160 fet K/15360 2 
1 Hz foi K/184320 feL «/30720 1 
0,5 Hz foLK/368640 fo_ K/61440 0,5 
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CHARACTERISTICS OF THE PC BUS 


The I°C bus is for 2-way, 2-line communication between different I|Cs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 3 


| A 

| data line 1 change 

| stable: | of data 

| data valid | allowed 7287019 


Fig. 11 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


eeuaaat ee | ad ats 
aime | | ie | pe 
| | . | | 
SDA | | | SDA 
| -—— | 
| | | \ 
SCL : | | | SCL 
P 
| : | | | 
totteene saree 
start condition stop condition 
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Fig. 12 Definition of start and stop conditions. 
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System configuration 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is a ‘‘receiver’’. The 
device that controls the message is the ‘’master’’ and the devices which are controlled by the master 
are the “‘slaves’’. 


MASTER SLAVE MASTER MASTER | 
TRANSMITTER/ TRANSMITTER/ TRANSMITTER/ | 
RECEIVER 
RECEIVER RECEIVER TNS Er RECEIVER 


7287004 


Fig. 13 System configuration. 


Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge bit is a HIGH 
level put on the bus by the transmitter whereas the master generates an extra acknowledge related 
clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception of 
each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 


| 

! ' 

SCL FROM | 
| : 
| 


DATA OUTPUT . 
BY TRANSMITTER . = 


| 
S 


DATA OUTPUT a 
BY RECEIVER 
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Fig. 14 Acknowledgement on the I?C bus. 


Note 


The general characteristics and detailed specification of the I?C bus are described in a separate data 
sheet (serial data buses) in handbook: |Cs for digital systems in radio, audio and video equipment. 
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PCF8566 I[*C bus controller 


The PCF8566 acts as an !*C slave receiver. It does not initiate |?C bus transfers or transmit data to an 
|2C master receiver. The only data output from the PCF8566 are the acknowledge signals of the selec- 
ted devices. Device selection depends on the |7C bus slave address, on the transferred command data 
and on the hardware subaddress. 


In single device applications, the hardware subaddress inputs AO, A1 and A2 are normally left open 
or tied to Vss which defines the hardware subaddress 0. In multiple device applications AO, A1 and 
A2 are tied to Vss or Vpp according to a binary coding scheme such that no two devices with a 
common |*C slave address have the same hardware subaddress. 


In the power-saving mode it is possible that the PCF 8566 Is not able to keep up with the highest trans- 
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF 8566 
forces the SCL line LOW until its internal operations are completed. This is known as the ‘clock 
synchronization feature’ of the I?C bus and serves to slow down fast transmitters. Data loss does not 
occur. 


Input filters 


To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on 
the SDA and SCL lines. 


IC bus protocol 


Two I7C bus slave addresses (0111110 and 0111111) are reserved for PCF8566. The least-significant 
bit of the slave address that a PCF 8566 will respond to is defined by the level tied at its input SAO 
(pin 10). Therefore, two types of PCF8566 can be distinguished on the same I?C bus which allows: 


(a) up to 16 PCF 8566s on the same I?C bus for very large LCD applications; 
(b) the use of two types of LCD multiplex on the same I?C bus. 


_ The I°€ bus protocol is shown in Fig. 15. The sequence is initiated with a start condition (S) from the 
I?C bus master which is followed by one of the two PCF8566 slave addresses available. All PCF 8566s 
with the corresponding SAO level acknowledge in parallel the slave address but all PCF 8566s with the 
alternative SAO level ignore the whole I?C bus transfer. After acknowledgement, one or more command 
bytes (m) follow which define the status of the addressed PCF 8566s. The last command byte is tagged 
with acleared most-significant bit, the continuation bit C. The command bytes are also acknowledged 
by all addressed PCF8566s on the bus. 


After the last command byte, a series of display data bytes (n) may follow. These display data bytes 
are stored in the display RAM at the address specified by the data pointer and the subaddress counter. 
Both data pointer and subaddress counter are automatically updated and the data are directed to the 
intended PCF8566 device. The acknowledgement after each byte is made only by the (AO, A1, A2) 
addressed PCF 8566. After the last display byte, the I?C bus master issues a stop condition (P). 
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Fig. 15 1?C bus protocol. 


Command decoder 


The command decoder identifies command bytes that arrive on the IC bus. All available commands 
carry a continuation bit C in their most-significant bit position (Fig. 16). When this bit is set, it indicates 
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates 


re the last command byte of the transfer. Further bytes will be regarded as display data. 
<x 
A 
- 
za 
Lu 
Ss O = last command 
Qa. 1 = commands continue 
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_ 
Lu 
rf 
OQ 
msb Isb 
7291471 


Fig. 16 General format of command byte. 


The five commands available to the PCF 8566 are defined in Table 5, 
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Command decoder (continued) 


Table 5 Definition of PCF 8566 commands 


command/opcode 


MODE SET 


[o|1 0] ve] e} 8) mm] wo} 


LOAD DATA POINTER 


c}o| 0 P4 P3 P2 Pi PO 


DEVICE SELECT 
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LCD drive mode bits M1 


static (1 BP) 

1:2 MUX (2 BP) 
1: 3 MUX (3 BP) 
1:4 MUX (4 BP) 


_CD bias 


1/3 bias 
1/2 bias 


display status 


disabled (blank) 
enabled 


normal mode 
power-saving mode 


bits P4 P3 P2 P1 PO 


5-bit binary value of 0 to 23 


bits AO Al 


3-bit binary value of 0 to 7 


MO 


Defines LCD drive mode 


. | Defines LCD bias configuration 


A2 


Defines display status 

The possibility to disable the 
display allows implementation 
of blinking under external 
control 


Defines power dissipation mode 


Five bits of immediate data, 

bits P4 to PO, are transferred 

to the data pointer to define 

one of twenty-four display RAM 
addresses 


Three bits of immediate data, 
bits AO to A2, are transferred 
to the subaddress counter to 
define one of eight hardware 
subaddresses 


DEVELOPMENT DATA 


Universal LCD driver for low multiplex rates PC F8566 


BANK SELECT 


elrri i dio 


Defines input bank selection 
(storage of arriving display data) 


RAM bit 0 
RAM bit 2 
Defines output bank selection 
(retrieval of LCD display data) 


RAM bit 0 
RAM bit 2 
The BANK SELECT command has 
no effect in 1:3 and 1: 4 multi- 

plex drive modes 


BLINK 


Defines the blinking frequency 


blink frequency | bits BF 1 


Selects the blinking mode; 
normal operation with frequency 
set by bits BF 1, BFO, or 

blinking by alternation of 
display RAM banks. Alternation 
blinking does not apply in 1:3 
and 1 : 4 multiplex drive modes 


blink mode 


normal blinking 
alternation blinking 


Display controller 


The display controller executes the commands identified by the command decoder. It contains the 
status registers of the PCF8566 and coordinates their effects. The controller is also responsible for loading 
display data into the display RAM as required by the filling order. 
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Cascaded operation 


In large display configurations, up to 16 PCF8566s can be distinguished on the same |?C bus by using 
the 3-bit hardware subaddress (AO, A1, A2) and the programmable I?C slave address (SAO). It is also 
possible to cascade up to 16 PCF 8566s. When cascaded, several PCF 8566s are synchronized so that they 
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost- 
effective in large LCD applications since the backplane outputs of only one device need to be through- 
plated to the backplane electrodes of the display. The other PCF 8566s of the cascade contribute 
additional segment outputs but their backplane outputs are left open (Fig. 17). 


The SYNC line is provided to maintain the correct synchronization between all cascaded PCF 8566s. 
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be 
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by 
the definition of a multiplex mode when PCF 8566s with differing SAO levels are cascaded). SYNC is 
organized as an input/output pin; the output section being realized as an open-drain driver with an 
internal pull-up resistor. A PCF8566 asserts the SYNC line at the onset of its last active backplane 
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it 


will be restored by the first PCF8566 to assert SYNC. The timing relationships between the backplane 
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig. 18. 

The waveforms are identical with the parent device PCF8576. Casadability between PCF8566s and 
PCF85/76s is possible, giving cost ha LCD applications. 


. LCD PANEL 
. (up to 1536 
VLD elements) 
= PCF 8566 


| cu] 


it 


BPO — BP3 (open) 


24 segment drives 


4 backplanes 
BPO to BP3 


i _ 


Fig. 17 Cascaded PCF8566 configuration. 


PCF 8566 
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Universal LCD driver for low multiplex rates P CG F 8566 


SYNC | | | | 


(a) STATIC DRIVE MODE 


BP1 
(1/5 bias) 
BP1 
(1/3 bias) 


SYNC | | | | 


(b) 1:2 MULTIPLEX DRIVE MODE 


. oe ee ee 
SYNC | | | | 


(c) 1:3 MULTIPLEX DRIVE MODE 


SYNC | | | | 
(d) 1:4 MULTIPLEX DRIVE MODE 


7291481 


DEVELOPMENT DATA 


Fig. 18 Synchronization of the cascade for the various PCF8566 drive modes. 


For single plane wiring of PCF 8566s, see section “APPLICATION INFORMATION”. 


June 1986 


PCF8566 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range; see note: Vpp —0O,5to+7 V 
LCD supply voltage range VLCD Vpp —7 to Vpp V 
Input voltage range (SCL; SDA; Dues | i 

AO to A2;OSC;CLK;SYNC;SA0) vy | = Veg -0,5 to Vpp + 0,5 V 
Output voltage range (SO to S23; ci : : = s 

BPO to BP3) Vo : Vicp--8,5 to Vpp + 0,5 V 
D.C. input current a max. 20 mA 
D.C. output current tlo max. | 25 mA 
Vpp. Vss or Vicp current tIpp, +lss,+!Lep max. © 50 mA 
Power dissipation per package Prot max. — | 400 mw 
Power dissipation per output Po max. ~—~—~—-: 100 mw 
Storage temperature range Tstg . ve 65 to+ 150 °C 
Note 


Inputs and outputs are protected against electrostatic discharges in normal handling. | Howiever: to be 
totally safe, it is advised to take handling precautions appropriate to nenaling Mos devices (see 
‘Handling MOS devices’). ms 


D.C. CHARACTERISTICS | 
Vss =0 V; Vpp = 3 to 6 V; VLcp = Vpp —3 to Vpp —6 V; 
Tamb = —40 to +85 °C; unless otherwise specified 


| Operating supply voltage 
So —3 


LCD supply voltage 


Operating supply current 
(normal mode) at fo, K 
= 200 kHz (note 1) 


Power-saving mode supply current 
at Vpp = 3,5 V; VLep =O0V; 
fcLkK = 35 kHz; AO, Al and A2 
tied to Vss (note 1) 
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Universal LCD driver for low multiplex rates PC F8566 


Logic 
Input voltage LOW VIL 
Input voltage HIGH VIH 
Output voltage LOW at |g =O mA VOL 
Output voltage HIGH at |Kb =O mA VOH 
Output current LOW (CLK, SYNC) 

at VoL =1,0V;Vpp=5V lOL1 
Output current HIGH (CLK) 

at VoH = 4,0 V; Vpp =5 V lOH 
Output current LOW (SDA; SCL) 

at VoL =0,4V; Vpp =5V lOL2 
Leakage current (SAO, CLK, OSC, AO, 

A1, A2,SCL, SDA) at Vj = Vss ~ 

or Vpp tL 
Pull-up resistor (SYNC) RSYNC 


Power-on reset level (note 2) VREF 
Tolerable spike width on bus tsw 
Input capacitance (note 3) C 


LCD outputs 


D.C. voltage component (BPO to BP3) 

at Cgp = 35 nF +VpBp 
D.C. voltage component (SO to $23) 

at Cs =5 nF tVsS 
Output impedance (BPO to BP3) 

at VLCD = Vpbp —5 V (note 4) Rep 
Output impedance (SO to S23) 

at VLCD = Vpp —5 V (note 4) Rs 


DEVELOPMENT DATA 
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A.C. CHARACTERISTICS (note 5) 
Vss =0 V; Vop = 3 to6 V; VLcp = Vpp —3 to Vpp —6 V: 
Tamb = —40 to +85 °C; unless otherwise specified 


Oscillator frequency (normal mode) 
(note 6) fCLK kHz 


Oscillator frequency (power-saving 
mode) at Vpp = 3,5 V fCLKLP kHz 


CLK HIGH time tCLKH : us 
CLK LOW time tCLKL us 
SYNC propagation delay tpsync | ns 
SYNC LOW time tSYNCL Es 


Driver delays with test loads 
at VLCcD = Vbp -5 V tPLCD Us 


I?C bus 

Bus free time tBUF us 
Start condition hold time tHD: STA US 
SCL LOW time | | tLOW | us 
SCL HIGH time tHIGH Us 


Start condition set-up time 
(repeated start code only) tSU; STA ps 


Data hold time tHD; DAT : Us 
Data set-up time tSU; DAT ns 
Rise time tr | Us 
Fall time | tF ns 
Stop condition set-up time tSU: STO | US 


Notes to characteristics 

Outputs open; inputs at Vss or Vpp; external clock with 50% duty factor; 1*C bus inactive. 
Resets all logic when Vpp < VRE F. 

Periodically sampled, not 100% tested. 

Outputs measured one at a time. 


All timing values referred to Vj} and Vj, levels with an input voltage swing of Vss to Vpp. 


Cyr, 


At fcLk < 125 kHz, |?C bus maximum transmission speed is derated. 
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CLK 3,3 ko SHAS SCU.. ven gw 
(pin 4 82 DD (pins 1, 2) PP 
BI 14% ae oh) 
eune 6,8 kQ = 
(pins) 12%) 
BPO to BP3 SO to $23 
ins 13 to 16) re (pins 17 to 40) Ss 
pe sale er oe > ioag © 1B HA 
7297490 
Fig. 19 Test loads. 
me 
- 1 
a FO 
a CLK 
Ee +—§— tc_KH ——>| }<*——- 'CLKL ——> 
=a 
s 
0,7V 
o CLK DD 
ad 0,.3Vpp 
Lu 
> 
Lu 
a) 
0,7 Vpp 
NC 
ay 0,3 Vpp 
tPSYNC 
<«—— tsyncLl ———> 
0,5V 
BPO to BP3 
SO to $23 (Vpp =5V) 
0,5V 
<«— tp_icpD —~ f 7297491 


Fig. 20 Driver timing waveforms. 


June 1986 1095 


PCF8566 


<— TBUF 
SCL | 


— >! tup-sta <«— 


o_o 


—~! tHigH =“ 


t, —> <— — <— 
‘HD ;DAT tsu;DAT 
SDA 
— <|_—— > <—_— 
7Z87013.2 tSU:STA tsu;STO 


Fig. 21 1?C bus timing waveforms. 
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Universal LCD driver for low multiplex rates P C F 8566 


ee 
— mode 
Zee " 


0 
0 100, Hz) 200 0 100 f(z) 200 
(a) Vpp = 5 V; Vicp = 9 V; Tamb = 25 PC. (b) Vpp = 5 Vi Vicp = 9 V: Tamb = 25 OC. 
7Z80831 7280832 


normal mode 


< 
-— 
4 
Q 
_ 
a 
Lu 
= 
a. 
Oo 
rT power-saving mode 
> foLK =35 kHz cf . | 4 
Lu 
9 elle 
0 5 Vpp (V) 10 0 5 Vpp (V) 10 
(c) Vi cp = 9 V; external clock; (d) Vi cp = 0 V; external clock; 
Tamb = —40 to + 85 °C. foLK = nominal frequency. 


Fig. 22 Typical supply current characteristics. 


7280833 7280834 
-” 10 oe ee ee e 2,5 
: — ee") | J ft 
x At ht ag! —_ 
: Neo] ptf ft ® aS a 
8 ea ea re a Sy eee ee ara 
: ee De ee 3 Leeds ce 
2 N= E Lie 
: Ss) eee i 
= 4 ™™ la x 
x< ee ee ee eee eee oO 
ra ee ee = a R 
& aren SE Oy a EE Gi, mel a ae BP 
Es (| (eae aed GR eae eal . ett la 
ee rice 
Po " aoe a a a 


i. 


2 4 


0,1 0 
0 6 8 10 — 40 0 40 80 120 
Vop (V) Tamb (°C) 
(a) Vicp =9 V; Tamb = 29 OC. (b) Vpp=5 V; Vicep =0 V. 


Fig.23 Typical characteristics of LCD outputs. 
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APPLICATION INFORMATION 
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Fig. 24 Single plane wiring of packaged PCF 8566s. 
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256 x 8-BIT STATIC RAM 


GENERAL DESCRIPTION 


The PCF85/70 is a low power 2048-bit static CMOS RAM organized as 256 words by 8-bits. Addresses 
and data are transferred serially via a two-line bidirectional bus (17C). The built-in word address register 
is incremented automatically after each written or read data byte. Three address pins AO, A1, A2 are 
used for programming the hardware address, allowing the use of up to eight devices connected to the 
bus without additional hardware. 


Features 
@ Operating supply voltage 25Vto6BV © Serial input/output bus (17C) 
@ Low data retention voltage min. 1,0 V @ Address by 3 hardware address pins 
@ Low standby current max. 15 uA @ Automatic word address incrementing 
@ Power saving mode typ. 50 nA @ 8-lead DIL package 
Applications 
® Telephony RAM expansion for stored numbers in repertory dialling 
(e.g. PCD3343 applications) 
@ Radio and television channel presets 
@ Video cassette recorder 
@ General purpose | RAM expansion for the microcontroller families MAB8400 


and PCF84C00 


PCF8570 wore 
ADDRESS ROW MEMORY 
REGISTER SELECT ~ CELL 
| ARRAY 
AO 


ne | | 
A2 | 
SCL e 2 | 
INPUT I2¢ COLUMN 
, MULTIPLEXE 
SDA FILTER BUS CONTROL SELECT PEeeAr 
Pal ai 
| | CONTROL 
Vop 
Vss 


7Z90775.1 


Fig. 1 Block diagram. 


PACKAGE OUTLINES 


PCF8570P: 8-lead DIL; plastic (SOT-97AE). 
PCF8570T: 8-lead mini-pack plastic (SO-8L; SOT-176). 
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PINNING 
1to3 AO to A2 address inputs 
4 Vss negative supply 
6 SCL stil clock line | °C 
7 TEST test input for test speed-up; must be connected to Vss when not in use 
(power saving mode, see Figs 14 and 15) 

8 Vpp positive supply 

Ao | 1 | 

Al | 2 

A2 | 3 | 

Vgg [4 | 

7287034.A 
Fig. 2 Pinning diagram. 

RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range (pin 8) | VoD —0,8 to+ 8,0 V 
Voltage range on any input Vy —0,8 to Vpnp + 0,8 V 
D.C. input current (any input) : ty max. 10 mA 
D.C. output current (any output) | tlo max. 10 mA 
Supply current (pin 4 or pin 8) tIpp: Iss — max. 50 mA 
Power dissipation per package Prot max. 300 mW 
Power dissipation per output P max. 50 mW 
Storage temperature range Tstg —65 to+ 150 °C 
Operating ambient temperature range Tamb —40 to+ 85 °C 
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256 x 8-bit static RAM PCF8570 


CHARACTERISTICS 
Vpp = 2,5 to 6 V; Vss = 0 V; Tamb = —40 to + 85 °C unless otherwise specified 


Supply | 
Supply voltage . ie — 6 V 


Supply current at 
V1 = Vgs or Vop 
operating at fsc_ = 100 kHz 7 200 LA 
standby at fgc, = 0 Hz = 15 LA 
standby at Tamb = —25 to + 70 °C — 5 LA 


Power-on reset voltage level* 1,9 2,3 V 


Inputs; input/output SDA 
Input voltage LOW** _ 03xVpp V 
Input voltage HIGH ** — Vpopt 0,8 V 


Output current LOW 
at Vo, = 0,4 V — -— mA 


Output leakage current HIGH 
at Voy = Vpp — 250 nA 


Input leakage current 
at Vj = Vpp or Vss — 250 nA 


Clock frequency (Fig. 7) ais 100 kHz 


Input capacitance (SCL, SDA) 
at Vj} =Vss — 7 pF | 
Tolerable spike width on bus _ 100 ns | 


LOW Vpp data retention 
Supply voltage for data retention | — 6 V 
Supply current at VppR=1V = 5 LA 


Supply current at VppR=1V; 
Tamb = —25 to + 70 °C oa 2 | WA 


Power saving mode (Figs 14 and 15) 


Supply current at Tampb = 25 OC; 
TEST =Vppr 50 400 nA 


* The power-on reset circuit resets the |7C bus logic when Vpp < Vpor. 


** If the input voltages are a diode voltage above or below the supply voltage Vpp or Vss an input 
current will flow; this current must not exceed + 0,5 mA. 
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CHARACTERISTICS OF THE PC BUS ,_ 


The I?C bus is for 2-way, 2-line communication between different |Cs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


om [PX T*N 


| : 

| data line | change 

| stable: | of data 

| data valid | allowed 7Z87019 


Fig. 3 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


(ses Say 
ee | eee | rae 
| | | | 
SDA oF / \ 1 J | SDA 
| -— | 
| | | | 
SCL | | | SCL 
Ie get ol | p 4 
| | | 
be Hoe. 2d Lies oes! 
start condition stop condition 


7287005 


Fig. 4 Definition of start and stop conditions. 
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System configuration 


A device generating a message is a ‘’transmitter’’, a device receiving a message is the ‘‘receiver’’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the ‘‘slaves’’. 


SDA 
SCL 


MASTER SLAVE MASTER MASTER 
TRANSMITTER/ TRANSMITTER / TRANSMITTER / 
RECEIVER : 
RECEIVER RECEIVER LR ANSMTETEN RECEIVER 


7287004 


Fig. 5 System configuration. 


Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 

receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 

bit is a HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line 
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of 

the acknowledge related clock pulse, set-up and hold times must be taken into account. A master 
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last 

byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH 
to enable the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 


SCL FROM | 7 
DATA OUTPUT | 
BY TRANSMITTER | 
DATAQUTPUT ~~ —~~S~CS«;73;3}ZETCé<; OT | 
BY RECEIVER 


7287007 


Fig. 6 Acknowledgement on the |?C bus. 
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Timing specifications 


Within the 1°C bus specifications a high-speed mode and a.Jow-speed mode are defined. The device 
operates in both modes and the timing requirements are as follows: 


High-speed mode 


Masters generate a bus clock with a maximum 5 esalaney of 100 kHz. Detailed timing is shown in Fig. 7. 


: i a 
<— (BUF — | oo 
SCL 
— >! tHD:sTA l<— —l. tyiGgy “<= 
THD ;DAT 'su;DAT 
SDA 
7Z87013.1 =e — is a 
"SU;STA 7 tsu;STO 
Fig. 7 Timing of the high-speed mode. 
Where: 
tRBUF | t= tLOWmin The minimum time the bus must be free before a new 
transmission can start 

tHD: STA t2>tHiGHmin Start condition hold time 
tLOWmin 4,7 us Clock LOW period 
tuiGHmin 4 us Clock HIGH period 
tsu: STA t 2 tLOWmin Start condition set-up time, only valid for repeated start code 
tHD: DAT t2O0us Data hold time 
tsU: DAT t 2 250 ns Data set-up time 
tp t<1 us Rise time of both the SDA and SCL line 
te t < 300 ns Fall time of both the SDA and SCL line 
tsuU: STO t2>tLOQWmin Stop condition set-up time 
Note 


All the timing values refer to Vjy4 and Vj,_ levels with a voltage swing of Vss to Vpp. 
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~ == AKL. [SS 


START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK - STOP 
CONDITION CONDITION 7287014 


Fig. 8 Complete data transfer in the high-speed mode. 


Where: 
Clock thoWmin 4,7 us 
tHIGHmin 4 bs 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1: 1 (LOW-to-HIGH) 
Max. number of bytes unrestricted 
Premature termination of transfer allowed by generation of STOP condition 
Acknowledge clock bit must be provided by the master 


Low-speed mode 


Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 ps 
and a minimum HIGH period of 365 ws. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 9. 


a ) 


—<— tBUF > 


SCL 
—>| tup:sTA l<— >} j<—_——_—- tuyiGH ——-——-| | —> tsu;DAT 
tR _—_> |< 
tHD:DAT 
SDA 
7Z87015.1 —*t TSu;STA tsu:STO 


Fig. 9 Timing of the low-speed mode. 
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Timing specifications (continued) 


Where: 

tBUE t > 105 us (tL QWmin) 
tHD; STA t 2 365 ws (tH1GHmin) 
tLow 130 ys + 25 ps 

tHIGH 390 us + 25 us 

tSU: STA 130 us + 25 us * 

tHD; DAT t> Ous 

tSU: DAT t > 250 ns 

tr t< us 

tf t< 300 ns 

tsU: STO 130 us + 25 us 

Note 


All the timing values refer to V)}4 and Vj ,_ levels with a voltage swing of Vss to Vpp. For definitions 
see high-speed mode. 


Se | ence ra eee || ne! a 
START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE = STOP 
CONDITION x ACKNOWLEDGE START CONDITION 

CONDITION 7Z87016 


Fig. 10 Complete data transfer in the low-speed mode. 


Where: 
Clock tLoWmin 130 us + 25 us 
tHiGHmin 390 us + 25 us 
Mark-to-space ratio 1:3 (LOW-to-HIGH) 
Start byte 0000 0001 
Max. number of bytes 4 6 
Premature termination of transfer not allowed 
Acknowledge clock bit must be provided by master 
Note 


The general characteristics and detailed specification of the 1?C bus are described in a separate data 
sheet (serial data buses) in handbook ‘Cs for digital systems in radio, audio and video equipment”. 


* Only valid for repeated start code. 
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Bus protocol 


Before any data is transmitted on the IC bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. The |2C bus 
configuration for different PCF8570 READ and WRITE cycles is shown in Fig. 11. 


acknowledge acknowledge acknowledge 
from slave from slave from slave 


R/W L___'n bytes | 


auto increment 


7287031.1A 
memory word address 


Fig. 11(a) Master transmits to slave receiver (WRITE mode). 


acknowledge acknowledge acknowledge acknowledge 
from slave from slave from slave from master 


SLAVE ADDRESS 0 WORD ADDRESS SLAVE ADDRESS 1 DATA A ae 
; & 


at this moment master = 
VAy : : tes 
R/W transmitter becomes R/W n byte | | 
master receiver and : 
: auto increment 
PCF 8570 slave receiver te 


becomes slave transmitter 


7290778 


no acknowledge 
from master 


ee -| DATA 1 P| 
i last byte —j 


auto increment 
word address 


Fig. 11(b) Master reads after setting word address (WRITE word address; READ data). 


acknowledge acknowledge no acknowledge 
from slave from master from master 


' ; 
[S| paveadons oP 


R/w b&———n bytes L_._____ last byte 
auto increment auto increment 
7290777 word address word address 


Fig. 11(c) Master reads slave immediately after first byte (READ mode). 
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APPLICATION INFORMATION 


The PCF8570 slave address has a fixed combination 1010 as group 1, while group 2 is fully 
programmable (see Fig. 12). 


Peon, 


| group 1———_»|~«——- group 2 —»|_ 7287030.1 


Fig. 12 PCF8570 address. 


0 PCF8570 
Aha ‘1010’ 


Vop 
SDA MASTER | 
sc. TRANSMITTER | 
a 


TEST 


1 up to 8 PCF8570 
Yop Sean ) _ without additional 
0 PCF8570 hardware 
7 1010° 
f) 
, TEST 5 4] 
7 | 
: to Vop 
Vop 
Ves PCF8570 : 
‘1010’ R: pull-up resistor 
VpD TEST = trise 
Ceus 
a ce 7290774 
(12 C bus) 


Fig. 13 PCF8570 application diagram. 


Note 
AO, Ai, and A2 inputs must be connected to Vpp or Vss but not left open. | 
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POWER SAVING MODE 


With the condition TEST = Vppr, the PCF8570 goes into the power saving mode and the 
1?C bus logic is reset. 


power saving mode 


—_—___—___———_», operating mode 
se ges Se Sees, VOOR 
TEST i ae ane 


VoD 
SCL VopR 
OV 
Vop 
SDA Vopr 
OV 
VoD 
Vpp asl oie eee VER 
OV 
lpp 
IpDp 
lnps 
7290773 
Where: 
tsy 2 4 us Fig. 14 Timing for power saving mode. 
typ 2 4us 
+5V 
VpDDR 


7290776 


Fig. 15 Application example for power saving mode. 


Note to Fig. 15 


1. In the operating mode, TEST = 0. 
2. In the power saving mode, TEST = Vopr. 
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Purchase of Philips’ 1@C components conveys a license under the 
Philips’ I?C patent to use the components in the |?C-system 
provided the system conforms to the I?C specification defined 
by Philips. 
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128 x 8-BIT STATIC RAM 


GENERAL DESCRIPTION 


The PCF8571 is a low power 1024-bit static CMOS RAM organized as 128 words by 8-bits. Addresses 
and data are transferred serially via a two-line bidirectional bus (17C). The built-in word address register 
is incremented automatically after each written or read data byte. Three address pins AO, A1, A2 are 
used for programming the hardware address, allowing the use of up to eight devices connected to the 
bus without additional hardware. 


Features 
® Operating supply voltage 25Vto6V ® Serial input/output bus (1?C) 
@ Low data retention voltage min. 1,0 V @ Address by 3 hardware address pins 
@ Low standby current max. 5 uA @ Automatic word address incrementing 
@ Power saving mode typ. 5OnA @ 8-lead DIL package 
Applications 
® Telephony RAM expansion for stored numbers in repertory dialling 
(e.g. PCD3340 applications) 
@ Radio and television channel presets 
@ Video cassette recorder 
@ General purpose RAM expansion for the microcomputer families MAB8400 
and PCF84C00 
a Sec Eanes cme 
WORD | 
PCF8571 ADDRESS oe MEMORY 
: REGISTER ee CELL 
F ARRAY 
AO 
2 
Al 
a2—3 
sc. 2 2 | 
INPUT I2¢ COLUMN 
Pe es R/W 4 
ESI TER CONTROL | 
4 POWER | 
VoD ON 
Vsg 44] | RESET 7 
Test 4 


7Z88371.2. 


PACKAGE OUTLINES Fig. 1 Block diagram. 


PCF8571P : 8-lead DIL; plastic (SOT-97AE). 
PCF8571D : 8-lead DIL; ceramic (cerdip) (SOT-151A). - 
PCF8571T : 8-lead mini-pack (SO-8L; SOT-176). 
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PINNING 
1to3 AO to A2 address inputs 
4 Vss negative supply 
5 SDA serial data line I2C bus 
6 SCL serial clock line 
7 TEST test input for test speed-up; must be connected to Vss when not in use 
(power saving mode, see Fig. 14 and 15) 

8 Vpp positive supply 

oe 

Al 

PCF8571 
A2 
Vgg | 4 | 
7Z287034.1 
Fig. 2 Pinning diagram. 

RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) | 
Supply voltage range (pin 8) Vpp —0,8to+8,0 V 
Voltage range on any input Vy —0,8 to Vpp+0,8 V 
D.C. input current (any input) ty max. 10 mA 
D.C. output current (any output) tlo max. 10 mA 
Supply current (pin 4 or pin 8) tIppilss max. 50 mA 
Power dissipation per package Prot max. 300 mW 
Power dissipation per output P max. 50 mW 
Storage temperature range T stg —65 to+ 150 °C 
Operating temperature range Tamb —40 to + 85 OC 
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CHARACTERISTICS 
Vpp = 2,5 to 6 V; Vss = 0 V; Tamb = —40 to + 85 OC unless otherwise specified 


SUPPLY 
Supply voltage VppD 2,5 = 6 V 


Supply current 
V;=Vss or Vpp 


operating at fgcy = 100 kHz; IDD — — 200 LA 
standby at foc, = 0 Hz Ippo — a 15 LA 
standby at Tampb = —25 to 70 °C IDDO _ — 5 yA 


Power-on reset voltage level 
at Voc_ = Vspa = Vpp VPOR 1,5 1,9 2,3 V 


Inputs; input/output SDA 


Input voltage LOW** VIL —0,8 = 03x Vpp V 
Input voltage HIGH** VIH 07x Vpp — Vpop + 0,8 V 
Output current LOW 

at Vo, = 0,4 V lOL 3 — — mA 
Output leakage current HIGH 

at VoH = VDD IOH — — 250 nA 
Input leakage current : 

at V;}=Vpp or Vss +1 —~ — 250 nA 
Clock frequency (Fig. 7) foe 0 — 100 kHz 
Input capacitance (SCL, SDA) 

at Vj; =Vss C| _ — 7 pF 
Tolerable spike width on bus tow a = 100 ns 


LOW Vpp data retention 
Supply voltage for data retention VDDR 1 — 6 V 
Supply current at VpprR=1V IDDR _ — 5 LA 


Supply current at Vopr = 1 V; : 
Tamb = —25 to 70 OC IDDR = — 2 yA 


Power saving mode (Fig. 14) 


Supply current at Tampb = 25 OC; 
TEST =Vppr IDDs -- 50 200 nA 


*% 


The power-on reset circuit resets the |1C bus logic when Vpnp < Vporp. 
** If the input voltages are a diode voltage above or below the supply voltage Vpp or Vss an input 
current will flow: this current must not exceed + 0,5 mA. 
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CHARACTERISTICS OF THE (?C BUS 


The I?C bus is for 2-way, 2-line communication between different [Cs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 


as control signals. 


| : 

| data line | change 

| stable: | of data 

| data valid | allowed 7287019 


Fig. 3 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


(oe ee] [ee ] 
| 
| 


Per | ie | Se 
SDA . / \ fe ae SDA 
-- ! 
| ! 
| 


SCL | | | SCL 
| 


ies Los ee 


tar nditi stop condition 
start condition e 7287005 


Fig. 4 Definition of start and stop conditions. 
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System configuration 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is the ‘‘receiver’’. The 
device that .controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the ‘’slaves’’. 


SDA 
SCL 


MASTER wae MASTER 
TRANSMITTER / TRANSMITTER/ TRANSMITTER/ } 
RECEIVER | 
RECEIVER | RECEIVER HAN SMG RECEIVER 


7287004 


Fig. 5 System configuration. 


Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 

receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 

bit isa HIGH jevel put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line 

_ during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of 

the acknowledge related clock pulse, set-up and hold times must be taken into account. A master 
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last 

byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH 
to enable the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 


SCL FROM 
DATA OUTPUT | ~~ 
BY TRANSMITTER | 


DATA OUTPUT - 
BY RECEIVER 


7287007 


Fig. 6 Acknowledgement on the 1’C bus. 
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Timing specifications 


Within the I7C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8571_ 
operates in both modes and the timing requirements are as follows: 


High-speed mode = 
Masters generate a bus clock with a maximum pacueeey of 100 kHz. Detailed timing is shown in Fig. 7. 


7 


BUR 


SCL 


—>|tHD;STA |<+— —*! tHiGH 
7 tH; ‘DAT 'su;DAT 
SDA 
7Z87013.2 = 'SU;STA es ~tgu;sto 
Fig. 7 Timing of the high-speed mode. 
Where: 
tBUF t 2 tLOWmin The minimum time the bus must be free before a new 
transmission can start 

tHD: STA t 2 tHiGHmin Start condition hold time 
tLOWmin 4,7 ys Clock LOW period 
tHiGHmin 4 us Clock HIGH period 
tsu; STA t 2 tLOWmin Start condition set-up time, only valid for repeated start code 
tHD: DAT t20 us Data hold time a 
tSu; DAT t 2 250 ns Data set-up time 
ty t<1 us Rise time of both the SDA and SCL line 
ty t <300 ns Fall time of both the SDA and SCL line 
tsu: STO t = tLOwmin Stop condition set-up time 
Note 


All the timing values refer to Vj, and Vj,_ levels with a voltage swing of Vsg to Vpp. 
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an LAL. AK VL. [SMS 


START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK STOP 
CONDITION CONDITION 7287014 


Fig. 8 Complete data transfer in the high-speed mode. 


Where: 
Clock t; OWmin 4,7 ys 
tHIGHmin 4 us 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1:1 (LOW-to-HIGH) 
Max. number of bytes unrestricted 
Premature termination of transfer allowed by generation of STOP condition 
Acknowledge clock bit must be provided by the master 


Low-speed mode 


Masters generate a bus clock with a maximum frequency of 2 kKHz;a minimum LOW period of 105 us 
and a minimum HIGH period of 365 us. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 9. 


son Y 


<— taur-—> 


SCL 
| | THD DAT. beso 6 pene 
SDA 
—! tsu;sta oe ae 
7287015.2 a susie 


Fig. 9 Timing of the low-speed mode. 
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Timing specifications (continued) 


Where: 

tBUF t > 105 us (tLOWmin! 
tHD; STA t 2365 us (tH|GHmin! 
tLOWw 130 ps + 25 ps 

tHIGH 390 ys + 25 us 

tSU: STA 130 ps + 25 ps * 

tHD; DAT t> Ous 

tsU: DAT t > 250 ns 

tr t< ups 

tf t < 300 ns 

tsu: STO 130 us + 25 us 

Note 


All the timing values refer to Vj,4 and V1 ,_ levels with a voltage swing of Vgs to Vpp. For definitions 
see high-speed mode. 


es a an 


| ee i Naren al ellen: Minin san iiahnsecnintcl | ee | 


START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP 
CONDITION ACKNOWLEDGE START CONDITION 
CONDITION 7287016 


Fig. 10 Complete data transfer in the low-speed mode. 


Where: 
Clock t_LOWmin 130 ys + 25 ps 
tHiGHmin 390 us + 25 us 
Mark-to-space ratio 1:3 (LOW-to-HIGH) 
Start byte 0000 0001 
Max. number of bytes 6 
Premature termination of transfer not allowed 
Acknowledge clock bit must be provided by master 
Note 


The general characteristics and detailed specification of the |?C bus are described in a separate data 
sheet (serial data buses) in handbook ‘‘ICs for digital systems in radio, audio and video equipment’’. 


* Only valid for repeated start code. 
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Bus protocol 


Before any data is transmitted on the I?C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. The I?C bus 
configuration for different PCF8571 READ and WRITE cycles is shown in Fig. 11. 


acknowledge acknowledge acknowledge 
from slave from slave from slave 


SLAVE ADDRESS O X WORD ADDRESS A DATA jal P| 


R/W |_____— n bytes 


7Z87031.1 auto increment 
, memory word address 


Fig. 11(a) Master transmits to slave receiver (WRITE mode). 


acknowledge acknowledge acknowledge acknowledge 
from slave from slave from slave from master 


SLAVE ADDRESS 0 X WORD ADDRESS SLAVE ADDRESS 1 DATA ae 


f at this moment master Ie b 
R/W transmitter becomes R/W n bytes 
master receiver and 


PCD8571 slave receiver auto increment 
becomes slave transmitter word address 


7287032.4 


no acknowledge 
from master 


! 
2 


LW Jast byte 


auto increment 
word address 


Fig. 11(b) Master reads after setting word address (WRITE word address; READ data). 


acknowledge acknowledge no acknowledge 
from slave from master from master 


SLAVE ADDRESS 1 DATA ae 


n bytes i L_____. last byte if 


auto increment auto increment 
7Z287033.4 word address word address 


R/w 


Fig. 11(c) Master reads slave immediately after first byte (READ mode). 


Note 
X = don't care bit. 
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APPLICATION INFORMATION 


The PCF8571 slave address has a fixed combination 1010 as group 1, while group 2 is fully 
programmable (see Fig. 12). 


Lette fete foe 


lsc group 1 ———-»|«<——- group 2 ——-»!_ 7287030.1 


Fig. 12 PCF8571 address. 


Vop 
Vop : SDA MASTER 
: sc TRANSMITTER 
S SCL 
0 PCF8571 7 
, "1010° 
0 


TEST 


up to PCF8571 
SCL without additional 
0 - PCF8571 hardware 


y *1010’ 


TEST | 


Vpp 
PCF8571. R 
Vpp 
‘1010’ R: pull-up resistor 
VDD TEST _trise 
~ Caus 
SDA SCL 
(12 C bus) 7Z87029.3 


Fig. 13 PCF8571 application diagram. 


Note 
AO, A1, and A2 inputs must be connected to Vpp or Vss but not left open. 
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POWER SAVING MODE 


With the condition TEST = Vppp, the PCF8571 goes into the power saving mode and !?C bus logic 
is reset. 


al Sa a a power saving mode —_—_—_—_—__—_———-», operating mode 
een, MS tc Se ees 
TEST | oe 
OV 


SCL 
VDDR 
OV 
Yop 
SDA 
VDDR 
OV 
Vop 
YDD VppR 
OV 
lbp 
IDD 
IDDs 
7Z90281.1 
Where: 
tsy 2 4 us 
tup 2 4 us Fig. 14 Timing for power saving mode. 
+5V 
VDDR 
1,2V 
(NiCd) 
7290280.2 
Fig. 15 Application example for power saving mode. 
Note 


1. In the operating mode, TEST = 0. 
2. In the power saving mode, TEST = Vopr. 
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Purchase of Philips’ I?C components conveys a license under the 
Philips’ I?C patent to use the components in the I?C-system 
provided the system conforms to the !I?C specifications defined 
by Philips. 
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CLOCK/CALENDAR WITH SERIAL 1/O 


GENERAL DESCRIPTION 


The PCF8573 is a low threshold, monolithic CMOS circuit that functions as a real time clock/calendar 
in the Inter IC (I?C) bus-oriented microcomputer systems. The device includes an addressable time 
counter and an addressable alarm register, both for minutes, hours, days and months. Three special 
control/status flags, COMP, POWF and NODA, are also available. Information is transferred serially via 
a two line bidirectional bus (1?C). Back-up for the clock during supply interruptions is provided by a 
1,2 V nickel cadmium battery. The time base is generated from a 32,768 kHz crystal-controlled 
oscillator. . 


Features 


Serial input/output bus (12C) interface for minutes, hours, days and months 
Additional pulse outputs for seconds and minutes 

Alarm register for presetting a time for alarm or remote switching functions 
Battery back-up for clock function during supply interruption 

Crystal oscillator control (32,768 kHz) 


QUICK REFERENCE DATA 


Supply voltage range (clock) Vpp-Vssi 1,1 to 6,0 V 


Supply voltage range (17C interface} Vop-Vss2 2,5t0 6,0 V 
Crystal oscillator frequency fos typ. 32,768 kHz 


PACKAGE OUTLINES 


PCF8573P: 16-lead DIL; plastic (SOT-38). 
PCF8573T: 16-iead mini-pack; plastic (SO-16L; SOT-162A). 
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FSET MIN SEC Vpp 
10 
+ 
32,768 kz 16V 
OSCO | : 
ae 13 OSCILLATOR eee it | papules 
=osci|'3 4:215 , RESET Vv 
1:60 SS1 
, LS 
Ea 
T f Vss2 
Vpp 
Zi 
SDA- TIME COUNTER EXTPF 
DAYS —> 
SCL MINUTES —> HOURS —» pate «— MONTHS Sein 


v +, 
COMPARATOR t— Comp 

~ 112 
A} Ls }e+— TEST 


12¢C 
BUS 
CONTROL 


INPUT 
| FILTER | 


ALARM REGISTER 


. LEVEL SHIFTER . PCF8573 


7Z86691.1 
AQ At 
Fig. 1 Block diagram. 
PINNING 
— 1 AO address input 
3 2 Al address input 
Vv 
ne Dp 3 COMP comparator output 
Al Vssi 4 SDA serial dataline | ,, 
Sas 5 SCL serial clock line Oous 
coal ss 6 EXTPF enable power fail flag input 
SDA | 4 | Osc| 7 PFIN power fail flag input 
| 8 Vss9 negative supply 2 (17C interface) 
ace a 9 MIN one pulse per minute output 
EXTPF | 6 | | FSET 10 SEC one pulse per second output 
11 FSET oscillator tuning output 
et peu 42 TEST test input; must be connected 
: a to Vee when not in use 
V MIN $S2 | 
ss2 18 ena 13 OSCI oscillator input 
Eee 14 OSCO oscillator input/output 
Fig. 2 Pinning diagram. 15 Vssi - negative supply 1 (clock) 
16 VoD common positive supply 
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FUNCTIONAL DESCRIPTION 
Oscillator 


The PCF8573 has an integrated crystal-controlled oscillator which provides the timebase for the 
prescaler, The frequency is determined by a single 32,768 kHz crystal connected between OSCI and 
OSCO. A trimmer is connected between OSCI and Vpp. 


Prescaler and time counter 


The prescaler provides a 128 Hz signal at the FSET output for fine adjustment of the crystal oscillator 
without loading it. The prescaler also generates a pulse once a second to advance the seconds counter. 
The carry of the prescaler and the seconds counter are available at the outputs SEC, MIN respectively, 
and are also readable via the I?C bus. The mark-to-space ratio of both signals is 1 : 1. The time counter 
is advanced one count by the falling edge of output signal MIN. A transition from HIGH to LOW of 
output signal SEC triggers MIN to change state. The time counter counts minutes, hours, days and 
months, and provides a full calendar function which needs to be corrected once every four years. Cycle 
lengths are shown in Table 1. 


Table 1 Cycle length of the time counter 


content of 
month 
counter 


carry for » 
following 
unit 


counting 
cycle 


number 
of bits 


minutes 00 to 59 59 — 00 


hours 00 to 23. 23 — 00 
days 01 to 28 28 —~ 01 a eschioe) 
or 29 —e 01 
01 to 30 30 —01 4,6,9, 11 
01 to 31 31-01 1, 3, 5, 7, 8, 10, 12 


01 to 12 12 —01 


Note: Day counter may be set to 29 by a write transmission with EXECUTE ADDRESS. 


Alarm register 


The alarm register is a 24-bit memory. It stores the time-point for the next setting of the status flag 
COMP. Details of writing and reading of the alarm register are included in the description of the 
characteristics of the I?C bus. . 


Comparator 


The comparator compares the contents of the alarm register and the time counter, each with a length 
of 24 bits. When these contents are equal the flag COMP will be set 4 ms after the falling edge of MIN. 
This set condition occurs once at the beginning of each minute. This information is latched, but can be 
cleared by an instruction via the I2C bus. A clear instruction may be transmitted immediately after the 
flag is set and will be executed. Flag COMP information is also available at the output COMP. The 
comparison may be based upon hours and minutes only if the internal flag NODA (no date) is set. 
Flag NODA can be set and cleared by separate instructions via the |?C bus, but it is undefined until 
the first set or clear instruction has been received. Both COMP and NODA flags are readable via the 
\?C bus. we 
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FUNCTIONAL DESCRIPTION (continued) 
Power on/power fail detection 


If the voltage Vpp—Vss} falls below a certain value the operation of the clock becomes undefined. 
Thus a warning signal is required to indicate that faultless operation of the clock is not guaranteed. 

This information is latched in a flag called POWF (Power Fail) and remains latched after restoration 

of the correct supply voltage until a write procedure with EXECUTE ADDRESS has been received. 

The flag POWF can be set by an internally generated power fail level-discriminator signal for application 
with (Vpp—Vss}1) greater than V7441, or by an externally generated power fail signal for application 
with (Vpp—Vss}) less than V7144. The external signal must be applied to the input PFIN. The input 
stage operates with signals of any slow rise and fall times. Internally or externally controlled POWF 

can be selected by input EXTPF as shown in Table 2. 


Table 2 Power fail selection 


power fail is sensed internally 
test mode 

power fail is sensed externally 
no power fail sensed 


0 : connected to Vgs 1 (LOW) 
1: connected to Vpp (HIGH) 


The external power fail control operates by absence of the Vpp—Vsso supply. Therefore the input 
levels applied to PFIN and EXTPF must be within the range of Vpp—Vss1. A LOW level at PFIN 
indicates a power fail. POWF is readable via the !1?C bus. A power on reset for the !?C bus control is 
generated on-chip when the supply voltage Vpp—Vss? is less than Vy. 


Interface level shifters 


The level shifters adjust the 5 V operating voltage (Vpp—Vss@) of the microcontroller to the internal 
supply voltage (Vpp—Vss7) of the clock/calendar. The oscillator and counter are not influenced by 
the Vpp—Vsgsz2 supply voltage. If the voltage Vpp—Vssq@ is absent (Vos7 = Vpp) the output signal 
of the level shifter is HIGH because Vpp is the common node of the Vpp—Vsg9 and the Vpp—Vss] 
supplies. Because the level shifters invert the input signal, the internal circuit behaves as if a LOW signal 
is present on the inputs. FSET, SEC, MIN and COMP are CMOS push-pull output stages. The driving 
capability of these outputs is lost when the supply voltage Vpp—Vs¢2 = 0. 
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CHARACTERISTICS OF THE I?C BUS 


The I?C bus is for 2-way, 2-line communication between different |Cs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer (see Fig. 3) 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


| F 

data line | change 

| stable: | of data 

| data valid | allowed 7Z87019 


Fig. 3 Bit transfer. 


Start and stop conditions (see Fig. 4) 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


ee t dition 
start condition See eel 7287005 


Fig. 4 Definition of start and stop conditions. 


System configuration (see Fig. 5) 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is the “‘receiver’’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the “‘slaves’’. 


MASTER MASTER 
TRANSMITTER/ TRANSMITTER/ TRANSMITTER/ 
RECEIVER RECEIVER : RECEIVER 


7287004 


SDA 
SCL 
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CHARACTERISTICS OF THE I’C bus (continued) 
Acknowledge (see Fig. 6) 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. (See Fig. 13 and Fig. 14.) 


start clock pulse for 
condition acknowledgement 
| 


! { 
SCL FROM 
MASTER | 1 2 8 9 


DATA OUTPUT | a 
BY TRANSMITTER | 


| 
S 


DATA OUTPUT —— 
BY RECEIVER 


7Z87007 
Fig. 6 Acknowledgement on the I?C bus. 


Timing specifications 


Within the I?C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8573 
operates in both modes and the timing requirements are as follows: 


High-speed mode 


Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in 
Fig. 7. 


~ a | 
~«— tpur—» 

SCL 

PP ——— 


— >| THD:STA I< 


tr —> <— —P_ <_—- 
*HD;DAT tsu;DAT 
SDA 
7Z87013.1 rae = Sea ts una 
"SU;STA tsu;STO 


Fig. 7 Timing of the high-speed mode. 
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Where: 

tRUF t 2 tLOWmin The minimum time the bus must be free before a new 
transmission can start 

tHD: STA t 2 tuIGHmin Start condition hold time 

tLOWmin 4,7 us Clock LOW period 

tuiGHmin 4 us Clock HIGH period 

tsSu: STA t = tLOWmin Start condition set-up time, only valid for repeated start code 

tHD: DAT t2Ous Data hold time 

tsu: DAT t 2 250 ns Data set-up time 

tr t<1 us Rise time of both the SDA and SCL line 

te t < 300 ns Fall time of both the SDA and SCL line 

tsu: STO t 2 tLowmin Stop condition set-up time 

Note 


All the values refer to Vj,4 and Vj,_ levels with a voltage swing of Vpp to Vsso. 


AL AK UL. PA 


START ADDRESS R/W_ ACK DATA ACK START ADDRESS R/W_ ACK STOP 


CONDITION CONDITION 7Z87014 


Fig. 8 Complete data transfer in the high-speed mode. 


Where: 
Clock ti QWmin 4,7 ys 
tHIGHmin 4 us 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1: 1 (LOW-to-HIGH) 
Max. number of bytes unrestricted 
Premature termination of transfer allowed by generation of STOP condition 
Acknowledge clock bit | must be provided by the master 
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CHARACTERISTICS OF THE I’C BUS (continued) 
Low-speed mode 


Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 us 
and a minimum HIGH period of 365 us. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 9. 


<— 'BuF > 


SCL 

—' tHD;sTA <— poe ee Sa as t— tsu DAT 
THD ;DAT 
SDA 
7Z87015.1 Pt TSU SST AL | <i al 
Fig. 9 Timing of the low-speed mode. 

Where: 

tBUF t 2 105 us (tL QWmin) 

tHD; STA t > 365 us (tH|GHmin) 

tLow 130 us + 25 us 

THIGH 390 ws + 25 us 

tSU: STA 130 us + 25 us* 

tHD; DAT t2Ous 

tSU: DAT t 2 250 ns 

tr. t<1 us 

tr t < 300 ns 

tsu: STO 130 us + 25 us 

Note 


All the values refer to Vjjy and Vj,_ levels with a voltage swing of Vpp to Vsso, for definitions see 
high-speed mode. 


* ‘Only valid for repeated start code. 
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i Scanners AND (ere SRO (Efe SniNNe! 


I ey ee ia A a 
START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE — STOP 
CONDITION ACKNOWLEDGE START CONDITION 

CONDITION 7287016 


Fig. 10 Complete data transfer in the low-speed mode. 


Where: » 
Clock thowmin 130 ws + 25 us 
tHyiGHmin 390 us + 25 us 
Mark-to-space ratio 1: 3 (LOW-to-HIGH) 
Start byte 0000 0001 
Max. number of bytes 6 
Premature termination of transfer not allowed 
Acknowledge clock bit must be provided by master 
Note 


The general characteristics and detailed specification of the 1?C bus are described in a separate data 
sheet (serial data buses) in handbook: ICs for digital systems in radio, audio and video equipment. 
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ADDRESSING 


Before any data is transmitted on the 1?C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. 


Slave address 


The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only 
an input signal, but the data signal SDA is a bidirectional line. The clock calendar slave address is shown 
in Fig. 11. 


MSB LSB 


7Z86686 


Fig. 11 Slave address. 


The subaddress bits AO and A1 correspond to the two hardware address pins AO and A11 which allows 
the device to have 1 of 4 different addresses. 


Clock/calendar READ/WRITE cycles 


The I?C bus configuration for different clock/calendar READ and WRITE cycles is shown in Fig. 12 
and Fig. 713. | 


acknowledge acknowledge acknowledge 
from slave from slave from slave 
R/WY | MSB LSB | 


S CLOCK/CALENDAR 
ADDRESS 


| n bytes 
(n=0,1,2,...) 


auto increment 


a . 7286687 


Fig. 12 Master transmitter transmits to clock/calendar slave receiver. 


The write cycle is used to set the time counter, the alarm register and the flags. The transmission of the 
clock/calendar address is followed by the MODE-POINTER-WORD which contains a CONT ROL-nibble 
(Table 3) and an ADDRESS-nibble (Table 4). The ADDRESS-nibble is valid only if the preceding 
CONTROL-nibble is set to EXECUTE ADDRESS. The third transmitted word contains the data to be 
written into the time counter or alarm register. 
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Table 3 CONTROL-nibble 


| }e2 | ct | CO | function 


0 |0 {0 |0O_ | execute address 
0 {0 {0 {1 |read control/status flags 
0 |0 1 O | reset prescaler, including seconds counter; without carry for minute counter 
O !0 |1 |1 | time adjust, with carry for minute counter (see note) 
O ;1 0 |0O {reset NODA flag 
0 j1 0 |1 set NODA flag 
0 |1 1 |0O- |reset COMP flag 
Note 


If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. —30 s. 
From the count 30 there is a carry which adjusts the time by max. + 30s. 


Table 4 ADDRESS-nibble 


0) co 


time counter hours 
time counter minutes 
time counter days 
time counter months 
alarm register hours 
alarm register minutes 
alarm register days 
alarm register months | 


oo0000C000 
-==-3=3=3O0000 
—=30O00--00 
=-O-0-0-0 


At the end of each data word the address bits B1, BO will be incremented automatically provided the 
preceding CONT ROL-nibble is set to EXECUTE ADDRESS. There is no carry to B2. 


Table 5 shows the placement of the BCD upper and lower digits in the DATA byte for writing into the 
addressed part of the time counter and alarm register respectively. 


Table 5 Placement of BCD digits in the DATA byte 


minutes 
days 
months 


Where “‘X"’ is the don’t care bit and “’D”’ is the data bit. 
Acknowledgement response of the clock calendar as slave receiver is shown in Table 6. 
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VELL 


> 
xe) 

= 
—_, 
co 
00 
o>) 


acknowledge acknowledge acknowledge acknowledge a 
a slave a slave from slave from master no acknowledge 
R/WY R/W es LSB MSB LSB 1 


CLOCK/CALENDAR CLOCK/CALENDAR 
| 
at this moment master (n—1) bytes ere nt) byte ———»! 
transmitter becomes 


master receiver and 
CLOCK/CALENDAR 
becomes slave transmitter 


auto increment auto increment. 


of B1, BO of B1, BO 7286690.1 


(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the /ast byte that has been 
clocked out of the slave. 


Fig. 13 Master transmitter reads clock/calendar after setting mode pointer. 


To read the addressed part of the time counter and alarm register, plus information from specified control/status flags, the BCD digits in the 
DATA byte are organized as shown in Table 7. 


acknowledge acknowledge 
a slave from t (1) 
R/WY MSB ise | 


CLOCK/CALENDAR DATA 
ADDRESS 


| n bytes ees 


auto increment 
of Bi, BO 7Z36689 


(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the /ast byte that has been 
clocked out of the slave. 


Fig. 14 Master reads clock/calendar immediately after first byte. 


The status of the MODE-POINTER-WORD concerning the CONT ROL-nibble remains unchanged until a write to MODE POINTER condition 
occurs. 


4 
© 
= 
C0 

a 
~ 
or) 
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ADDRESSING (continued) 
Table 6 Slave receiver acknowledgement 


ED oa ae 


acknowledge on byte 


x KKK KKK KKK cl 


=O00000000 
a ee ooo nono 
x KKK KKK KK XK 


x KKK KKK KK XK 


xP r-K OO, -OoO°Cc°o 
x «KKK KK KK ARO 


Kx? O-O-0-00 E 


Where ‘‘X”’ is the don’t care bit. 


Table 7 Organization of the BCD digits in the DATA byte 


DATA LSB 


hours 
minutes 
days 
months 


control/status flags 


Where: ‘‘D”’ is the data bit. 
* = minutes. 
** = seconds. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage ranges Vpp-Vssi1 —0,3to+8 V 

| Vpp-Vss2 —0,3to+8 V 
Voltage on pins 4 and 5 Vss9—0,8 to Vpp + 0,8 V* 
Voltage on pins 6, 7, 13 and 14 Vss1—0,6 to Vpp + 0,6 V 
Voltage on any other pin Vss2—0,6 to Vpp + 0,6 V 
Input current I max. 10 mA 
Output current lo max. 10 mA 
Power dissipation per output Po max. 100 mW 
Total power dissipation per package Prot max. 200 mW 
Operating ambient temperature range Tamb —40 to+ 85 OC 
Storage temperature range Tstg —55 to +125 OC 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 


* Impedance min. 500 &2. 
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CHARACTERISTICS 
Vss2 =0 V; Tamb = —40 to + 85 OC unless otherwise specified. Typical values at Tap = + 25 OC 


CC 


Supply 
Supply voltage (1?C interface) 


6,0 
(Vpp-Vss2) 


Vpp-—Vss2 | 2,5 
Vpp-Vss1 | 1,3 


Supply voltage (clock) 


Supply voltage (clock) 
at typ > 500 ns 


Vpp-Vssi| 1.1 (Vpp-Vss2) 


Supply current Vss4 
at Vpp—Vssi = 1,5 V 
at Vpp-—Vss1 =5 V 


10 
50 


—'ss1 = 
—'ss1 7 
Supply current Vss9 

at Vpp—Vss2=5 V 
(Iq =O mA on all outputs) 


—Issa 


Inputs SCL, SDA, AO, A1, TEST 
Input voltage HIGH 
Input voltage LOW 


Vi 0,7 x Vpp 
VIL = 


Input leakage current 
at Vj = Vss2 to Vpp 


+1 


Inputs EXTPF, PFIN 
Input voltage HIGH 
Input voltage LOW 


Vin-Vss1 | 0,7 x(Vpp—Vssi) 
Vit-Vssi1 | 0 


0,3 x (Vpp—Vss1) 
Input leakage current 
at Vj = Vss7 to Vpp 
at Tamb = 25 °C; 
Vi = Vss1 to Vpp 


1 


0,1 


Outputs SEC, MIN, COMP, FSET 
(normal buffer outputs) 
Output voltage HIGH 
at Vpp—Vss2 = 2,5 V; 
—l9 =0,1 mA 
at Vpp—Vss2 = 4 to6 V; 
—l9o =0,5 mA 
Output voltage LOW 
at Vpp—Vss2 = 2,5 V; 
lo = 0,3 mA 
at Vpp—Vss2 = 4 to 6 V; 
lo=1,6 mA 
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CHARACTERISTICS (continued) 


parameter 


Output SDA 
(N-channel open drain) 


Output “ON”: Ig =3 mA 
at Vpp—Vss2 = 2,5 to6 V 


Output “OFF” (leakage current) 
at Vpp—-Vss2 =6V; Vo =6V 


Internal threshold voltage 
Power failure detection 


Power “‘ON” reset 
at Vsc_ = VSpA = VpD 


Rise and fall times of input signals 
Input EXTPF 
Input PFIN 


Input signals except EXTPF and PFIN 
between Vj; and Vj, levels 
rise time 
fall time 


Frequency at SCL 

at Vpp—Vss2 = 4 to6 V 
Pulse width LOW (see Figs 7 and 9) 
Pulse width HIGH (see Figs 7 and 9) 


Noise suppression time constant 
at SCL and SDA input 


Input capacitance (SCL, SDA) 


Oscillator 
Integrated oscillator capacitance 
Oscillator feedback resistance 


Oscillator stability for: 
A(Vpp—Vss7) = 100 mV 
at Vpp—Vss1 = 1,55 V; 
Tamb = 25 OC 

Quartz crystal parameters 

Frequency = 32,768 kHz 

Series resistance 

Parallel capacitance 


Trimmer capacitance 
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Purchase of Philips’ |2C components conveys a license under the 
Philips’ 12C patent to use the components in the I?C-system 
provided the system conforms to the I*C specifications defined 
by Philips. 
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APPLICATION INFORMATION 


——— 


MASTER DEVICE 


R: pull-up resistor =e 
SDA 


PCD8571 MICROCONTROLLER 


ic 
128 x 8 BIT STATIC CMOS RAM 
\f 
shal ae 


PCE2111 


64 LCD 
SEGMENT DRIVER 


av lt 8 DIGIT LCD 


Vpp OSCO OSCI 


PCF 8573 


SCL 
Vss2 Test Vssi 


Al 


(NiCa). 
: R.p, : resistor for 
detection circuit ch: 
with very high permanent charging 
impedance , 
Vv 7Z86688.2 
12C bus 


Fig. 15 Application example of the PCF8573 clock/calendar. 


SCL SDA Vpp SCL SDA Vpp 
YH Ao 
osc! 
MASTER . PCF8573 


MICRO - 
CONTROLLER 


TEST 
PFIN 


EXTPF 
Vss2 


PCD8571 


Osco 


Vss Vssi Vss 


Z ” 7 Yi =72Z87945 


Fig. 16 Application example of the PCF8573 with common Vss1 and Vsso supply. ; | 
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REMOTE 8-BIT I/O FOR !7C BUS 


GENERAL DESCRIPTION 


The PCF8574 is a single-chip silicon gate CMOS circuit. It provides remote !/O expansion for the 
MAB8400 and PCF8500 microcomputer families via the two-line serial bidirectional bus (17C). 

It can also interface microcomputers without a serial interface to the I?C bus (as a slave function only). 
The device consists of an 8-bit quasi-bidirectional port and an I*C interface. 

The PCF8574 has low current consumption and includes latched outputs with high current drive 
capability for directly driving LEDs. It also possesses an interrupt line (INT) which is connected to 

the interrupt logic of the microcomputer on the |*C bus. By sending an interrupt signal on this line, 
the remote I/O can inform the microcomputer if there is incoming data on its ports without having to 
communicate via the I?C bus. This means that the PCF8574 can remain a simple slave device. 


Features 


Operating supply voltage 25Vtob6V 

Low stand-by current consumption max. 10 pA 

Bidirectional expander 

Open drain interrupt output 

8-bit remote |/O port for the IC bus 

Peripheral for the MAB8400 and PCF8500 microcomputer families 

Latched outputs with high current drive capability for directly driving LEDs 

Address by 3 hardware address pins for use of up to 8 devices (up to 16 possible with mask option) 


PCF8574 


— 113 INTERRUPT | LPF | 
INT « rane | LP FILTER | 
| 
Ao -——+4 
Al : | 
} 4 4 H = 
Ae. 3 | | fa PO 
14 6 | 
SCL INPUT H—f—b PZ 
15 : NO | 7 
SDA »| FILTER | EONTHOL esl. eu —\\ ro ft Ps 
: : REGISTER I\ /| PORTS [491 _, py 
a al PG 
| 12 
foo) P7 
write pulse | 
116 ae read pulse 
VpD POWER-ON ee 
8 | 
Vsg r RESET Gia cca eth Ss 
7285821.1 


Fig. 1 Block diagram. 


PACKAGE OUTLINES 


PCF8574P: 16-lead DIL; plastic (SOT-38). © 
PCF8574T: 16- lead mini- neck plate (SO- 161; SOT- 162A). 
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PINNING 
AO 116] Yop 
Al SDA 
A2 SCL 
PO | INT 
“} «PCF8574 
P1 | 5. P7 
P21 6 | P6 
P3 P5 


7287597 Fig. 2 Pinning diagram. 
1to3 AO to A2 address inputs 
ot Seni. 8-bit quasi-bidirectional |/O port 
9 to 12 P4 to P7 | : 
8 Vss negative supply 
13 INT interrupt output 
14 SCL serial clock line 
15 SDA serial data line 
16 VpopD positive supply 


Vop 


write pulse ——p———. 
: 100nA CY 


data from 
shift register 


cd PO to P7 


power-on | 
reset 


read pulse ——p>——- 


data to 
- shift register 


] ___, to interrupt 
logic 


7287598 


Fig. 3 Simplified schematic diagram of each port. 
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CHARACTERISTICS OF THE I’C BUS 


The I?C bus is for 2-way, 2-line communication between different |Cs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


| | | 
| data line | change | 
| stable: | of data | 
| | 


data valid | allowed 7287019 


Fig. 4 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to- LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


a | fo ey 8 
Tacos | Ss | ees 
| | | 

SDA a / \ 1 ft SDA 
= - | 
| | | 

SCL | SCL 
| | p 

S 
| | | | 
Woke, atts oil ee 
start condition stop condition 


7287005 
Fig. 5 Definition of start and stop conditions. 


System configuration 


A device generating a message is a ‘’transmitter’’, a device receiving a message is the “‘receiver’’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the ‘slaves’. 


SDA 
SCL 


MASTER MASTER MASTER 
TRANSMITTER / TRANSMITTER/ TRANSMITTER / 
RECEIVER 
RECEIVER RECEIVER ERAS MIP TER RECEIVER 


7287004 


Fig. 6 System configuration. 
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CHARACTERISTICS OF THE I?C BUS (continued) 
Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 


SCL FROM | 
DATA OUTPUT 
BY TRANSMITTER ! —_ 
DATA OUIPUr = == +. ©. Son 
BY RECEIVER 


7287007 


Fig. 7 Acknowledgement on the I°C bus. 


Timing specifications 

Within the I°C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8574 
operates in both modes and the timing requirements are as follows: 

High-speed mode 


Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in 
Fig. 8. 


SDA | 


= 'aUp 


SCL 
— >I tup-sta |l<— mY et —h! tHigH 
tr —» <—_— —> << 
"HD ;DAT tsu; DAT 
SDA 
72Z287013.1 : t : ; 
SU;STA tsu:STO 


Fig. 8 Timing of the high-speed mode. 
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Where: 

tBUF t 2 tLQOWmin The minimum time the bus must be free before a new 
transmission can start 

tHD: STA t > tuiGHmin Start condition hold time 

tiOWmin 4,7 us Clock LOW period 

tuiGHmin 4 us Clock HIGH period 

tSU: STA t2tLOWmin Start condition set-up time, only valid for repeated start code 

tHuD: DAT t2Ous Data hold time 

tSU: DAT t 2 250 ns Data set-up time 

tr t<1 us Rise time of both the SDA and SCL line 

te t < 300 ns Fall time of both the SDA and SCL line 

tsu: STO t 2tLOQWmin Stop condition set-up time 

Note 


All the values refer to Vj}4 and Vj, levels with a voltage swing of Vcs to Vpp. 


oN NL AL LE A 
Gina al _— | —_—— re | 


START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK — STOP 
CONDITION CONDITION 7287014 


Fig. 9 Complete data transfer in the high-speed mode. 


Where: 
Clock tL OWmin 4,7 us 
tHIGHmin 4 us 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1: 1 (LOW-to-HIGH) 
Max. number of bytes unrestricted 
Premature termination of transfer allowed by generation of STOP condition 
Acknowledge clock bit must be provided by the master 
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CHARACTERISTICS OF THE I?C BUS (continued) 


Low-speed mode 


Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 us 
-and a minimum HIGH period of 365 us. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 10. 


<— tBuF > 


SCL 
— >! THD;STA +— ce fa Gh ae «— tsu;DAT 
R — + 
THD ;DAT 
SDA 
7Z87015.1 a SUeST A. ae 
Fig. 10 Timing of the low-speed mode. 

Where: | 
tBUF t 2 105 us (tL OWmin) 
tHD; STA t 2 365 us (tH|GHmin) 
tLOw 130 us + 25 us 
tHIGH 390 us + 25 us 
tSU; STA 130 us + 25 us* 
tHD; DAT t2Ous 
tSU: DAT t 2 250 ns 
tR t<1 ys 
tf | t < 300 ns 
tsu: STO 130 us + 25 us 
Note 


All the values refer to Vj,4 and Vj, _ levels with a voltage swing of Vss to Vpp, for definitions see 
high-speed mode. 


* Only valid for repeated start code. 
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i: eae es eS eer SUEY 27 


[ ae | fA eS EE EL ee CE! |) (EO ee ee ee Cd Na) en | a | 
START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP 
CONDITION ACKNOWLEDGE START CONDITION 

CONDITION 7287016 


Fig. 11 Complete data transfer in the low-speed mode. 


Where: 
Clock ti OWmin 130 us + 25 us 
tuiGHmin 390 us + 25 ys 
Mark-to-space ratio 1:3 (LOW-to-HIGH) 
Start byte 0000 0001 
Maximum number of bytes 6 
Premature termination of transfer not allowed 
Acknowledge clock bit must be provided by master 
Note 


The general characteristics and detailed specification of the IC bus are described in a separate data 
sheet (serial data buses) in handbook: ICs for digital systems in radio, audio and video equipment. 
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FUNCTIONAL DESCRIPTION 
Addressing (see Figs 12 and 13) 


Each bit of the PCF8574 I/O port can be independently used as an input or an output. input data is transferred from the port to the 
microcomputer by the READ mode. Output data is transmitted to the port by the WRITE mode. 


“Fj 
©) 
“Ti 
CO 
Ol 
=~ 
BAN 


ATRL RL ODE OT ERATE YH 


msn 
Feb e 
=. 
o 
= 
< 
os 
co 
9] 
oa 


ic) me hs a) ee a a Mr 


| | 
| | 
data to port | data to port | 
| 


.— Se ee 


slave address 
' t if 4 


: ~ start condition - ay R/W | acknowledge from slave acknowledge from slave acknowledge from slave 
WRITE 


TO : | i \ {\ 
PORT 


SDA 


DATA OUT 
FROM PORT 


ee | ; 
DATA 1 VALID . { DATA 2 VALID 
| , 7 | 


| tov | oa toy a eat \<— 7287593 


Fig. 12 WRITE mode (output port). 


G86. Asenuer 


6PLL 


slave address data from port data from port 


SDA 
ah Tt | 
start condition R/W | acknowledge acknowledge | stop 
from slave | from master | condition 


READ FROM | | 
PORT I Lt 


| 
| 
| 


| | 
DATA INTO DATA 1 | XY DATA2 DATA 3 DATA 4 | 
PORT | 
| 
l | 
! sel Le tps = ths | 
| | | | 
dee 5 ee: ON steel aes 
best >; |< ti, >| |<t;, | 7287596 


Fig. 13 READ mode (input port). 


Note 


A LOW-to-HIGH transition of SDA, while SCL is HIGH is defined as the stop condition (P). Transfer of data can be stopped at any moment by a 
stop condition. When this occurs, data present at the last acknowledge phase is valid (output mode). Input data is lost. 
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Interrupt (see Figs 14 and 15) 


The PCF8574 provides an open drain output (INT) which can be fed to a corresponding input of the 
microcomputer. This gives these chips a type of master function which can initiate an action elsewhere 
inthe system. _ 


PCF 8574 PCF8574 PCF 8574 
Vop (1) (2) (8) 


MICROCOMPUTER 


INT —— 
7287599 


Fig. 14 Application of multiple PCF8574s with interrupt. 


An interrupt is generated by any rising or falling edge of the port inputs in the input mode. After time 
tiy the signal INT is valid. 

Resetting and reactivating the interrupt circuit is achieved when data on the port is changed to the 
original setting or data is read from or written to the port which has generated the interrupt. 
Resetting occurs as follows: 

® Inthe READ mode at the acknowledge bit after the rising edge of the SCL signal. 

@ Inthe WRITE mode at the acknowledge bit after the HIGH to LOW transition of the SCL signal. 
Each change of the ports after the resettings will be detected and after the next rising clock edge, will 
be transmitted as INT. 

Reading from or writing to another device does not affect the interrupt circuit. 


slave address data from port 


SDA | A 
Z it 
start condition R/W | acknowledge P5 stop 
| from slave condition 
| 
| 
SCL 1 2 3 4 5 6 7 8 


coe ee eee eee ee 


dig) Nea tay | jet, 7287594 


Fig. 15 Interrupt generated by a change of input to port P5. 
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FUNCTIONAL DESCRIPTION (continued) 


Quasi-bidirectional I/O ports (see Fig. 16) 


A quasi-bidirectional port can be used as an input or output without the use of a control signal for data 
direction. The bit designated as an input must first be loaded with a logic 1. In this mode only a current 
source to Vpp is active. An additional strong pull-up to Vpp allows fast rising edges into heavily 
loaded outputs. These devices turn on when an output changes from LOW to HIGH, and are switched 
off by the negative edge of SCL. SCL should not remain HIGH when a short-circuit to Vso is allowed 
(input mode). 


slave address data to port data to port 
FC H]AA, — $A SS 
| 
oboe. bbe Be 
toe f t | 
start condition R/W_ acknowledge P3 P3 


| 

from slave | 

| 

SCL 1\_/2\_/3\_/a\_J/s\_/e\J/7\J/8 | 

| 

| 

P3 | 
OUTPUT | | 


VOLTAGE 
| 
P3 VI ! ) 
PULL-UP We 
OUTPUT | | 
CURRENT tI | A 
Ont | | !OH 


Fig. 16 Transient pull-up current IQp4 while P3 changes from LOW-to-HIGH and back to LOW. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range VDD —0,5to+7 V 
Input voltage range (any pin) Vi Vss—0,5 to Vpp + 0,5 V 
D.C. current into any input +1) max. 20 mA 
D.C. current into any output +10 max. 25 mA 
Vpp or Vss current +Ipp;!lss max. 100 mA 
Total power dissipation Prot max. 400 mW 
Power dissipation per output Po max. 100 mW 
Storage temperature range T stg —65 to+ 150 °C 
Operating ambient temperature range Tamb —40 to +85 °C 
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CHARACTERISTICS 
Vpp = 2,5 to 6 V; Vss = 0 V; Tamb = —40 to + 85 OC unless otherwise specified 


Poems vf [ci 


Supply (pin 16) 
Supply voltage 


Supply current 
at Vpp = 6 V; no load, inputs at Vpp, Vss 
operating; (SCL = 100 kHz) 
standby 


Power-on reset voltage level (note 1) 


Input SCL; input/output SDA (pins 14; 15) 
Input voltage LOW 
Input voltage HIGH 


Output current LOW 
at VoL = 0,4 V 


Input/Output leakage current 


0,3Vpp 
Vpp + 0,5 V 


Clock frequency (see Fig. 8) 


Tolerable spike width 
at SCL and SDA input 


Input capacitance (SCL, SDA) 
at Vj =Vss 


1/O ports (pins 4 to 7; 9 to 12) 
Input voltage LOW 
Input voltage HIGH 


0,3Vpp 
| Vpp + 0,5 V 
Maximum allowed input current 


through protection diode 
at Vj} 2 Vpp or SVss 
Output current LOW 
© at VoL =1V; Vpp =5V 
Output current HIGH 
at Voy = Vss (current source only) 


Transient pull-up current HIGH 
during acknowledge (see Fig. 16) 
at VoH = Vss 

Input/Output capacitance 


400 


Port timing; Ci < 100 pF (see Figs 12 and 13) 
Output data valid 
Input data set-up 
Input data hold 
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Interrupt INT (pin 13) 
Output current LOW 


at VoL = 0,4 V lOL 1,6 — — mA 
Output current HIGH 
at VoH = VoD HoH! | - — 100 nA 


INT timing; Cy. < 100 pF (see Fig. 13) 
Input data valid tiy _ _ 4 MS 
Reset delay tir — _ 4 Ms 


Select inputs AO, A1, A2 (pins 1 to 3) 


Input voltage LOW VIH -05V |— 03Vpp V 
Input voltage HIGH ViH 0,7Vpp |- Vpop +0,5VjV 
Input leakage current 
at Vj =Vpp or Vss Ty | — — 100 nA 
Note 1 


The power-on reset circuit resets the |?C bus logic with Vpp < Vpr_er and sets all ports to logic 1 
(input mode with current source to Vpp). 


Purchase of Philips’ |12C components conveys a license under the 
Philips’ 1?C patent to use the components in the 1?C-system 
provided the system conforms to the !?C specifications defined 
by Philips. 
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UNIVERSAL LCD DRIVER FOR LOW MULTIPLEX RATES 


GENERAL DESCRIPTION 


The PCF8576 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having 
low multiplex rates. It generates the drive signals for any static or multiplexed LCD containing up to 
four backplanes and up to 40 segments and can easily be cascaded for larger LCD applications. The 
PCF8576 is compatible with most microprocessors and communicates via a two-line bidirectional bus 
(12C). Communication overheads are minimized by a display RAM with auto-incremented addressing, 
by hardware subaddressing and by display memory switching (static and duplex drive modes). 


Features 


® Single-chip LCD controller/driver 

® Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing 

® Selectable display bias configuration: static, 1/2 or 1/3 

@ Internal LCD bias generation with voltage-follower buffers 

@ 40 segment drives: up to twenty 8-segment numeric characters; up to ten 15-segment alphanumeric 
characters; or any graphics of up to 160 elements 

40 x 4-bit RAM for display data storage 

Auto-incremented display data loading across device subaddress boundaries 

Display memory bank switching in static and duplex drive modes 

Versatile blinking modes 

LCD and logic supplies may be separated 

Wide power supply range: from 2 V for low-threshold LCDs and up to 9 V for guest-host LCDs and 
high-threshold(automobile) twisted nematic LCDs 

Low power consumption | 

Power-saving mode for extremely low power consumption in battery-operated and telephone 
applications 

i?C bus interface 

TTL/CMOS compatible 

Compatible with any 4-bit, 8-bit or 16-bit microprocessors 

May be cascaded for large LCD applications (up to 2560 segments possible) 

Optimized pinning for single plane wiring in both single and multiple PCF8576 applications 
space-saving 56-lead plastic mini-pack (VSO-56) 

Very low external component count (at most one resistor, even in multiple device applications) 
Compatible with chip-on-glass technology 

Manufactured in silicon gate CMOS process 


PACKAGE OUTLINES 


PCF8576T: 56-lead mini-pack; plastic (VSO-56; SOT-190). 
PCF8576U: uncased chip in tray 
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BPO BP2 BPi BP3 


pa fife fe 
BACKPLANE 
i OUTPUTS 


VOLTAGE 
SELECTOR 


PCF8576 


cLK | 4 | 
SYNC| 3 TIMING | 
OSC 
| OSCILLATOR 
Rose ] | 
al 


DISPLAY 
CONTROLLER 


COMMAND 
DECODER 
Vsg 11 
SCL | 2 
eee | tec Bus TE) 
SDA |i, | FILTERS |, | CONTROLLER 
t 10 
SAO 


SO° |) eee See $39 


DISPLAY SEGMENT OUTPUTS ; 


SHIFT REGISTER 


DISPLAY 
RAM 


40x 4 BITS 


INPUT 
BANK 
SELECTOR 


| OUTPUT 
| BANK 
| SELECTOR 


DATA 
POINTER 


SUB - 
ADDRESS 
COUNTER 


AO Al A2 
\ 7291475.1 


Fig. 1 Block diagram. 
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| l PINNING 
SDA | 1 | g 156| S39 
1 SDA I?C bus data input/output 
= [p5] $38 2 SCL IC bus clock input/output 
SYNC S37 3 SYNC _ cascade synchronization input/output 
CLK | 4 | S36 4 CLK external clock input/output 
Voo [5 S35 5 Vpp positive supply voltage 
osc [6] aay 6 OSC oscillator input 
7 AO 
ae [50] $33 8 Al I2C bus subaddress inputs 
ai[3. $32 9 A2 
a2to mas 10 SAO I?C bus slave address bit 0 input 
11 V logic ground 
SAO | 10 | $30 Ss is 
12 VLCD LCD supply voltage 
Yss LY eehecy 13. BPO 
Yiep 45} $28 14 -BP2 | LCD backplane outputs 
: 15 BP1 
as = 16 BP3 
BP2 43| $26 
Ey PCF8576 is V7 sO 
pa Gon to to LCD segment outputs 
56 S39 
BP3 |16, }41] S24 
SO 140} $23 
S1 | 18 | $22 
S2 | 19] $21 
S3 $20 
S4 $19 
S5 S18 
S6 S17 
S7 133] S16 
S8 S15 
sg S14 
S10 30} $13 
si $12 
~ 7291476.1 


Fig. 2 Pinning diagram. 
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FUNCTIONAL DESCRIPTION 


The PCF8576 is a versatile peripheral device designed to interface any microprocessor to a wide variety 
of LCDs. It can directly drive any static or multiplexed LCD containing up to four backplanes and up to 
40 segments. The display configurations possible with the PCF8576 depend on the number of active 
backplane outputs required; a selection of display configurations is given in Table 1. 


Table 1 Selection of display configurations 


active back- no. of 7-segment 14-segment dot matrix 
plane outputs segments numeric | alphanumeric 


20 digits + 10 characters + 160 dots 
20 indicator 20 indicator (4 x 40) 
symbols symbols 


15 digits + | 8 characters + | 120 dots 
15 indicator 8 indicator (3 x 40) 
symbols symbols 


| 10 digits + 5 characters + 

2 10 indicator 10 indicator 
symbols ~symbols 

| a 


5 digits + | 2 characters + | 40 dots 
5 indicator 12 indicator 
symbols symbols 


All of the display configurations given in Table 1 can be implemented in the typical system shown in 
Fig. 3. The host microprocessor maintains the 2-line I?C bus communication channel with the PCF8576. 
A resistor connected between OSC (pin 6) and Vss (pin 11) controls the device clock frequency. The 
appropriate biasing voltages for the multiplexed LCD waveforms are generated internally. The only 
other connections required to complete the system are to the power supplies (Vpp, Vss and VLcp) 
and to the LCD panel chosen for the application. 


LCD PANEL 
HOST 17-56} 40 segment drives 
MICRO- PCF8576 (up to 160 


PROCESSOR | elements) | 
13-16 


o 1 
a 
7Z91464.1 


Fig. 3 Typical system configuration. 
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Power-on reset 


At power-on the PCF8576 resets to a defined starting condition as follows: 


. All backplane outputs are set to Vpp. 
. All segment outputs are set to Vpp. 


. Blinking is switched off. 


. The I*C bus interface is initialized. 


NO OO DB WD — 


. The drive mode ‘1 : 4 multiplex with 1/3 bias’ is selected. 


. The data pointer and the subaddress counter are cleared. 


. Input and output bank selectors are reset (as defined in Table 5). 


PCF8576 


Data transfers on the I?C bus should be avoided for 1 ms following power-on to allow completion of the 


reset action. 


LCD bias generator 


The full-scale LCD voltage (Von) is obtained from Vpp — VLcp. The LCD voltage may be temperature 
compensated externally through the V; cp supply to pin 12. Fractional LCD biasing voltages are obtained 
from an internal voltage divider of three series resistors connected between Vpp and V| cp. The centre 
resistor can be switched out of circuit to provide a % bias voltage level for the 1 : 2 multiplex configuration. 


LCD voltage selector 


The LCD voltage selector coordinates the multiplexing of the LCD according to the selected LCD drive 
configuration. The operation of the voltage selector is controlled by MODE SET commands from the 
command decoder. The biasing configurations that apply to the preferred modes of operation, together 
with the biasing characteristics as functions of Von = Vpp — VLCp and the resulting discrimination 


ratios (D), are given in Table 2. 


Table 2 Preferred LCD drive modes: summary of characteristics 


LCD drive mode LCD bias 


configuration 


static (1 BP) 

1: 2 MUX (2 BP) 
1: 2 MUX (2 BP) 
1: 3 MUX (3 BP) 
1: 4 MUX (4 BP) 


static (2 levels) 
1/2 (3 levels) 
1/3 (4 levels) 
1/3 (4 levels) 
1/3 (4 levels) 


V of f(rms) 


0 

/2/4 = 0,354 
1/3 = 0,333 
1/3 = 0,333 
1/3 = 0,333 


Von (rms) 


1 
/10/4 = 0,791 
/5/3 = 0,745 
./33/9 = 0,638 
/3/3 = 0,577 


He Von(rms) 
V off(rms) 


/5 = 2,236 
\/5 = 2,236 
33/3 = 1,915 
/3 = 1,732 
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LCD voltage selector (continued) 


_ A practical value for Vop is determined by equating Voff(rms) with a defined LCD threshold voltage 
(VthLCD), typically when the LCD exhibits approximately 10% contrast. In the static drive mode a 
suitable choice is Von & 3 Vthicp- 

Multiplex drive ratios of 1 : 3 and 1: 4 with 1/2 bias are possible but the discrimination and hence the 
contrast ratios are smaller \/3 = 1,732 for 1 : 3 multiplex or,/21/3 = 1,528 for 1 : 4 multiplex). 
The advantage of these modes is a reduction of the LCD full scale voltage Voy as follows: 


1: 3 multiplex (1/2 bias) : Vop =./6 Vott(rms) = 2,449 Votfirms) 
1:4 multiplex (1/2 bias) : Vop = 4y/3/3 Voft(rms) = 2,309 Votf(rms) 


These compare with Von = 3 Voff(rms) When 1/3 bias is used. 


LCD drive mode waveforms 


The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and 
segment drive waveforms for this mode are shown in Fig. 4. 


[* Trame| 

Vpbbp — 

BPO . 
Vico —— 
VDD 
VicD — 
Vpp = 5 

Sn+1 
VLCD 


(a) WAVEFORMS AT DRIVER 


LCD segments 


state 1 state 2 
(on) 


Von 
statel 0 At any instant (t): 
Vstate 1(t) = Vs. (t) - Vepolt) 
“Yop — Von(rms) = Vop 
Veg ee 
Vstate 2(t)=Vs_.4(t) - Vepolt) 
statle2 Q — Voff(rms) =9 V 
Wig ee 


(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 
7291465 


Fig. 4 Static drive mode waveforms: Vop = Vpp — VL cp: 
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When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8576 
allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6. 


LCD segments 


— 
BPO) = (Vpp t+ Vicp)/2 — et eel 
VLcpD ————— fe 


state 1 


VDD state - 
BP1 (Vpp + Vicp)/2 — 


VLE se | 
0) 2 
Sn 
VLCD —--_- 
Vppb ———__—- 
Sn+1 | | | 
Vico = 


(a) WAVEFORMS AT DRIVER 


SS Ttrame _ 


Nope = At any instant (t): 
Vop/2 Vstate 1(t) = Vs_ (t) — Vepolt) 
1 9 ————— 
— V _ YP. 7G -0,791V 
—Vop/2 ————— on(rms) ~ “4 “oy op 
-Vop 
Vop ———— Vstate 2(t) = Vg. (t) — Vepq(t) 
a es | — Voffirms) = —q V2 = 0,354Vop 
—Vop/2 ———— 
—Vop 7291477 


(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 


Fig. 5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: Von = Vpp — VLCD. 
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LCD drive mode waveforms (continued) 


LCD segments 


iD 
ppg DD Yop! =/rolr 
VpD~-—2 Vop/3 — o 
ViLcD —_——_—— 
109 eee state 2 
any YOOMYon > tn 1 S 
Vpp-2 Vop/3 — 


VLCD 

VpD 
VpD—Vop/3 —— 
VpD-—2 Vop/3 — 
VLCD 


ee LoL 
SUL. 


<—— Tiframe - 


Sh 


Sat VpD-Vop/3 — 
VLCD 
(a) WAVEFORMS AT DRIVER 
Vop 
2Vop/3 
‘op Vstate 1{t) = Vs, (t) — Vepolt) 
state 1 0 -—-__—-——— V 
—Vop/3 —_——_— . op 2. 
—2Vop/3 Von(rms) ~ 3 5 - 0,745V op 
—Vop 
i ras Vstate 2(t) = Vs, (t) — Vapi (t) 
2 Vop/3 
state 2 0 
—2 Vop/3 
op = 7Z91466 
(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 


At any instant (t): 


Voff(rms) = 3 = 9,333Vop 


Fig.6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Vop = VDD — VLcD.- 


The backplane and segment drive wavefront for the 1 : 3 multiplex drive mode (three LCD backplanes) 
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively. 
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Yop 
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ge. Nee _ | LCD segments 
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VpD—Vop/3 —— 
Vpp—2 Vop/3 — 
VLCD 
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VpD-Vop/3 — 
Vpp—2 Vop/3 — 
VLCD 

Vpp == 
VDD—Vop/3 — 
VoD —2 Vop/3 — 
VLCD 

1/0) 0 eres 
VpD—Vop/3 — 
VDD —2 Vop/3 — 
VLCD 

VOp === 
VpD-Vop/3 = 
Vop—2 Vop/3 — 
VLCD * 


BP1 


BP2 


Sn+1 


Sn4+2 


(a) WAVEFORMS AT DRIVER 
Mop) sass At any instant (t): 


2Vop/3 
Vop/3 = Vstate 1(t) = Vs,{t) — VBpo(t) 


state 1 0 


oe V 
Ee Voatnael= > \/33 = 0,638V op 
~2Vop/3 


Nop =e Vstate 2(t) = Vs_ (t) — Vepy(t) 
Vop —_——__—- n 


2 Vop/3 ———— 
Vop/3 
state 2 0 
—Vop/3 
—2 Vop/3 
—Vop —-———- 7291478 
(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 


Vop 
Voff(rms)= 3) = 0,333V op 


Fig. 7 Waveforms for 1 : 3 multiplex drive mode: Vop = Vpp — VLcbD- 
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LCD drive mode waveforms (continued) 


eee aera eee LCD segments 


\DD = 
Vpp-Vop/3 —— 
VpD—2 Vop/3 — 
VLCD we 
Vob state 1 
state 2 
VpD-Vop/3 —— 
BPI VDD —2 Vop/3 — 
VLCD 
Vop == 
VpD-Vop/3 —— 
VDD —2 Vop/3 — 
VLCD 
Yoo —— 
VpD-Vop/3 —— 
VpD-—2 Vop/3 — 
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VDD 
Vpp-Vop/3 —— 
Vpp -2 Vop/3 — 
VLCD 
Vo = 
Vop-Vop/3 — 
Vpp~2 Vop/3 — 
VLCD 
Vpp- 
Vpp—Vop/3 —— 
VpD—2 Vop/3 — 
VicD ——_——— 
VOD 
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—Vop/3 
2Nojl se y 
een ; 0] 
es | = v3 = 0,577Vop 
2 Vop/3 
Vop/3 
state 2 0 
~Vop/3 


Von(rms) = 


Vstate 2(t) = 
Vs,,(t) — Vapi (t) 
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~N 
N 
© 
> 
~“ 
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O 

(b) RESULTANT WAVEFORMS Biel = 0,333Vop 
AT LCD SEGMENT 


Fig. 8 Waveforms for 1 : 4 multiplex drive mode: Voy = Vpp — Vicp. 
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Oscillator 


Internal clock 


The internal logic and the LCD drive signals of the PCF8576 are timed either by the built-in oscillator 
or from an external clock. When the internal oscillator is used, frequency control is performed by a 
single resistor connected between OSC (pin 6) and Vss (pin 11) as shown in Fig. 9. In this case, the 
output from CLK (pin 4) provides the clock signal for cascaded PCF 8576s in the system. 


ae 
Trin IAS 
$s THT 


beetles Fig. 9 Oscillator frequency 
100 200 500 1000 2000 5000 as a function of Roge: 


Rose (k 82) fet Kk ~(3,4 x 107 / Rose) kHz-Q2. 


External clock 


The condition for external clock is made by tying OSC (pin 6) to Vpp; CLK (pin 4) then becomes the 
external clock input. 


The clock frequency (fc, «) determines the LCD frame frequency and the maximum rate for data 
reception from the I?C bus. To allow I?C bus transmissions at their maximum data rate of 100 kHz, 
fc. should be chosen to be above 125 kHz. 


A. clock signal must always be supplied to the device; removing the clock may freeze the LCD tn ad.c. 
state. 


Timing 

The timing of the PCF8576 organizes the internal data flow of the device. This includes the transfer 
of display data from the display RAM to the display segment outputs. |n cascaded applications, the . 
synchronization signal SYNC maintains the correct timing relationship between the PCF 8576s in the 
system. The timing also generates the LCD frame frequency which it derives as an integer multiple of 
the clock frequency (Table 3). The frame frequency is set by the choice of value for Rogge when 
internal clock is used, or by the frequency applied to pin 4 when external clock is used. 


Table 3 LCD frame frequencies 
PCF8576 mode nominal fframe (Hz) 


normal! mode 


power-saving mode 
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Timing (continued) 


The ratio between the clock frequency and the LCD frame frequency depends on the mode in which 

the device is operating. In the normal mode, Rogc = 180 kQ will result in the nominal frame frequency. 
In the power-saving mode the reduction ratio is six times smaller; this allows the clock frequency to be 
reduced by a factor of six and for the same frame frequency Rogg will be 1,2 MQ. The reduced clock 
frequency and the increased value of Rocce together contribute to a significant reduction in power 
dissipation. The lower clock frequency has the disadvantage of increasing the response time when large 
amounts of display data are transmitted on the I?C bus. When a device is unable to ‘digest’ a display 

data byte before the next one arrives, it holds the SCL line LOW until the first display data byte is stored. 
This slows down the transmission rate of the I?C bus but no data loss occurs. 


Display latch 


The display latch holds the display data while the corresponding multiplex signals are generated. There 
is a one-to-one relationship between the data in the display latch, the LCD segment outputs and one 
column of the display RAM. 


Shift register 


The shift register serves to transfer display information from the display RAM to the display latch while 
previous data are displayed. 


Segment outputs 


The LCD drive section includes 40 segment outputs SO to S39 (pins 17 to 56) which should be connected 
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back- 
plane signals and with the data resident in the display latch. When less than 40 segment outputs are 
required the unused segment outputs should be left open. 


Backplane outputs 


The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly 
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode. 
If less than four backplane outputs are required the unused outputs can be left open. In the 1:3 multi- 
plex drive mode BP3 carries the same signal as BP1, therefore these two adjacent outputs can be tied 
together to give enhanced drive capabilities. In the 1:2 multiplex drive mode BPO and BP2, BP1 and 

BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the 
static drive mode the same signal is carried by all four backplane outputs and they can be connected in 
parallel for very high drive requirements. 


Display RAM 


The display RAM is a static 40 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map 
indicates the ‘on’ state of the corresponding LCD segment; similarly, a logic O indicates the ‘off’ state. 
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between 
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the 
40 segments operated with respect to backplane BPO (Fig. 10). In multiplexed LCD applications the 
segment data of the second, third and fourth column of the display RAM are time-multiplexed with 

BP1, BP2 and BP3 respectively. 
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display RAM addresses (rows) / segment outputs (S) 


0 1 2 3 4 eee 35 36 37 38 39 
display RAM bits 0 
(columns) / ees ee 
backplane outputs ' cea et ties 
(BP) 2 
3 
7291468 


Fig. 10 Display RAM bit-map showing direct relationship between display RAM addresses and segment 
outputs, and between bits in a RAM word and backplane outputs. 


When display data are transmitted to the PCF85/76 the display bytes received are stored in the display 
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg- 
ment numeric display showing all drive modes is given in Fig. 11; the RAM filling organization depicted 
applies equally to other LCD types. 


With reference to Fig. 11, in the static drive mode the eight transmitted data bits are placed in bit O of 
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data 

bits are placed in bits O and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive 
mode these bits are placed in bits 0, 1 and 2 of three successive addresses, with bit 2 of the third address 
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but 
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the 
1: 4 multiplex drive mode the eight transmitted data bits are placed in bits 0, 1, 2 and 3 of two suc- 
cessive display RAM addresses. 


Data pointer 


The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading 
of an individual display data byte, or a series of display data bytes, into any location of the display 

RAM. The sequence commences with the initialization of the data pointer by the LOAD DATA POINTER 
command. Following this, an arriving data byte is stored starting at the display RAM address indicated 

by the data pointer thereby observing the filling order shown in Fig. 11. The data pointer is automati- 
cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the 
contents of the data pointer are incremented by eight (static drive mode), by four (1 : 2 multiplex 

drive mode), by three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex drive mode). 


Subaddress counter 


The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed 

to take place only when the contents of the subaddress counter agree with the hardware subaddress applied 
to AO, Al and A2 (pins 7, 8, and 9). The subaddress counter value is defined by the DEVICE SELECT 
command. If the contents of the subaddress counter and the hardware subaddress do not agree then data 
storage is inhibited but the data pointer is incremented as if data storage had taken place. The subaddress 
counter ts also incremented when the data pointer overflows. 
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drive mode LCD segments | LCD backplanes display RAM filling order transmitted display byte 
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static 


TZ 


multiplex 


13 


multiplex 


: 4 


1 
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Fig. 11 Relationships between LCD layout, drive mode, display RAM filling order 7291469 
and display data transmitted over the I?C bus (x = data bit unchanged). 
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Subaddress counter (continued) 


The storage arrangements described lead to extremely efficient data loading in cascaded applications. 
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next 
PCF8576 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is 
successful even if the change to the next device in the cascade occurs within a transmitted character 
(such as during the 14th display data byte transmitted in 1 : 3 multiplex mode). 


Output bank selector 


This selects one of the four bits per display RAM address for transfer to the display latch. The actual 
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex 
sequence. In 1 : 4 multiplex, all RAM addresses of bit O are the first to be selected, these are followed 
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected 
sequentially. In 1 : 2 multiplex, bits O then 1 are selected and, in the static mode, bit O is selected. 


The PCF8576 includes a RAM bank switching feature in the static and 1 : 2 multiplex drive modes. In 
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected 
for display instead of bit 0 contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be 
selected instead of bits O and 1. This gives the provision for preparing display information in an 
alternative bank and to be able to switch to it once it is assembled. 


Input bank selector 


The input bank selector loads display data into the display RAM according to the selected LCD drive 
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3 in 1 : 2 drive 
mode by using the BANK SELECT command. The input bank selector functions independently of the 
output bank selector. 


Blinker 


The display blinking capabilities of the PCF 8576 are very versatile. The whole display can be blinked 
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the 
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which 
the device is operating, as shown in Table 4. 


An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the 
static and 1 : 2 LCD drive modes and can be implemented without any communication overheads. By 
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks 
at the blinking frequency. This mode can also be specified by the BLINK command. 


In the 1: 3 and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD 
segments can be blinked by selectively changing the display RAM data at fixed time intervals. 


If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can 
be effectively performed by resetting and setting the display enable bit E at the required rate using the 
MODE SET command. 
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Blinker (continued) 
Table 4 Blinking frequencies 


blinking mode normal operating power-saving — nominal blinking frequency 
mode ratio mode ratio folink (Hz) 


— to oo= blinking off 


fcLK/92160 fo. K/15360 2 
foLK/184320 fc. K/30720 1 
fo_K/368640 fo «/61440 0,5 


CHARACTERISTICS OF THE I?C BUS 


The IC bus is for 2-way, 2-line communication between different 1Cs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


om ft typ 


| : 

| data line | change 

i stable: | of data 

| data valid | allowed | 7Z87019 


Fig. 12 Bit transfer.. 


Start and stop conditions 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


ra | . 
eran | | ven ee 
| : 
SDA oe / \ | | SDA 
| _— Pp i 
| | | 
! 


bee bio ed 


ts dition 
start condition stop conditio 7287005 


Fig. 13 Definition of start and stop conditions. 


1170 November 1985 


Universal LCD driver for low multiplex rates PCF8576 


System configuration 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is a “‘receiver’’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the “‘slaves’’. | 


SDA 
SCL 


MASTER MASTER MASTER 
TRANSMITTER / TRANSMITTER/ | TRANSMITTER/ 
RECEIVER 
RECEIVER RECEIVER Laenep vee RECEIVER 


7287004 


Fig. 14 System configuration. 


Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge bit is a HIGH 
level put on the bus by the transmitter whereas the master generates an extra acknowledge related 
clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception of 
each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 


clock pulse for 


start 
acknowledgement 


condition 


SCL FROM 
DATA OUTPUT | 
BY TRANSMITTER | eae 
i 
DATA OUTPUT 
BY RECEIVER 


7287007 


Fig. 15 Acknowledgement on the [?C bus. 


Note 


The general characteristics and detailed specification of the I?C bus are described in a separate data 
sheet (serial data buses) in handbook: |Cs for digital systems in radio, audio and video equipment. 
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PCF8576 [°C bus controller 


The PCF8576 acts as an I?C slave receiver. It does not initiate 12C bus transfers or transmit data to an 

[°C master receiver. The only data output from the PCF8576 are the acknowledge signals of the selected 
devices. Device selection depends on the I?C bus slave address, on the transferred command data and on 
the hardware subaddress. 


In single device applications, the hardware subaddress inputs AO, Al and A2 are normally tied to Vss 
which defines the hardware subaddress 0. In multiple device applications AO, A1 and A2 are tied to Vss 
or Vpp according to a binary coding scheme such that no two devices with a common |?C slave address 
have the same hardware subaddress. 


In the power-saving mode it is possible that the PCF 8576 is not able to keep up with the highest trans- 
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF 8576 
forces the SCL line LOW until its internal operations are completed. This is known as the ‘clock 
synchronization feature’ of the I?C bus and serves to slow down fast transmitters. Data loss does not 
occur. 


input filters 


To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on 
the SDA and SCL lines. 


“C bus protocol 


Two {°C bus slave addresses (0111000 and 0111001) are reserved for PCF8576. The least-significant 

bit oF the slave address that a PCF8576 will respond to is defined by the level tied at its input SAO 

(jin 10}. Therefore, two types of PCF 8576 can be distinguished on the same I?C bus which allows: 
ia} up to 16 PCF8576s on the same [°C bus for very large LCD applications; 

( 

“ne |*C bus protocol is shown in Fig. 16. The sequence is initiated with a start condition (S) from the 
ne bus master which is followed by one of the two PCF85/76 slave addresses available. All PCF8576s 
with the corresponding SAO level acknowledge in parallel the slave address but all PCF 8576s with the 
alternative SAO level ignore the whole I?C bus transfer. After acknowledgement, one or more command 
bytes (m) follow which define the status of the addressed PCF8576s. The last command byte is tagged 


with acleared most-significant bit, the continuation bit C. The command bytes are also acknowledged 
by all addressed PCF8576s on the bus. 


After the last command byte, a series of display data bytes (n) may follow. These display data bytes 
are stored in the display RAM at the address specified by the data pointer and the subaddress counter. 
Both data pointer and subaddress counter are automatically updated and the data are directed to the 
intended PCF8576 device. The acknowledgement after each byte is made only by the (AO, A1, A2) 
addressed PCF8576. After the last display byte, the I?C bus master issues a stop condition (P). 


3) the use of two types of LCD multiplex on the same I?C bus. 
I? 
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acknowledge by 
(A0,A1,A2)—selected 
i 76 only 


DISPLAY DATA ae 
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1 byte m2 1 bytes n= 0 bytes 


acknowledge by all 


{addressed PCF8576s—y 


Sas 


update a pointer 
7Z91470.1 and, if necessary, 
subaddress counter 


Fig. 16 |?C bus protocol. 


Command decoder 


The command decoder identifies command bytes that arrive on the I?C bus. All available commands 
carry a continuation bit C in their most-significant bit position (Fig. 17). When this bit is set, it indicates 
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates 
the last command byte of the transfer. Further bytes will be regarded as display data. 


0 = last command 
1 = commands continue 


Y 


< REST OF OPCODE | 


msb Isb 


7291471 


Fig. 17 General format of command byte. 


The five commands available to the PCF8576 are defined in Table 5. 
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Command decoder (continued) 


Table 5 Definition of PCF8576 commands 


command/opcode 


MODE SET 


LOAD DATA POINTER 
iclo P5 P4 P3 P2 PI Po| 
DEVICE SELECT 


| elt 10 OJA2 At AO 


aan raN nena ine tenant hia hd mi mmimpenam Asem namaste senate 
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1/2 bias 


options 


LCD drive mode bits M1 MO 


static (1 BP) 
1:2 MUX (2 BP) 
1:3 MUX (3 BP) 
1: 4MUX (4 BP) 


o=-oO => 


LCD bias 


 asnnaeerenenen 


1/3 bias 


display status 


disabled (blank) 
enabled 


normal mode 0 


power-saving mode 1 


2+ Neem nena a eenaeserwanence tener nnn 


bits P&S P4 P3 P2 P1 PO 


6-bit binary value of 0 to 39 


bits AO Al A2 


3-bit binary value of O to 7 


description 


Defines LCD drive mode 


Defines LCD bias configuration 


Defines display status 

The possibility to disable the 
display allows implementation 
of blinking under external 
control 


Defines power dissipation mode 


Six bits of immediate data, 
bits P5 to PO, are transferred 
to the data pointer to define 
one of forty display RAM 
addresses 


Three bits of immediate data, 
bits AO to A2, are transferred 
to the subaddress counter to 
define one of eight hardware 
subaddresses 
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BANK SELECT 
static 
fc]1. 1.1.1 01/0} a 
RAM bits 0, 1 
RAM bits 2, 3 
RAM bits 0, 1 
RAM bits 2, 3 


RAM bit 0 
RAM bit 2 

BLINK Defines the blinking frequency 

blink frequency |bitsBF1  BFO 


[elit olalert aro 


Defines input bank selection 
(storage of arriving display data) 


bit | 


Defines output bank selection 


static (retrieval of LCD display data) 


RAM bit 0 
RAM bit 2 


The BANK SELECT command has 
no effect in 1:3 and 1: 4 multi- 
plex drive modes 


blink mode Selects the blinking mode; 
normal operation with frequency 
normal blinking set by bits BF 1, BFO, or 
alternation blinking blinking by alternation of 
display RAM banks. Alternation 
blinking does not apply in 1:3 
and 1 : 4 multiplex drive modes 


Display controller 


The display controller executes the commands identified by the command decoder. It contains the 
status registers of the PCF8576 and coordinates their effects. The controller is also responsible for loading 
display data into the display RAM as required by the filling order. 
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Cascaded operation 


In large display configurations, up to 16 PCF8576s can be distinguished on the same I?C bus by using 
the 3-bit hardware subaddress (AO, A1, A2) and the programmable I?C slave address (SAQ). It is also 
possible to cascade up to 16 PCF 8576s. When cascaded, several PCF 8576s are synchronized so that they 
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost- 
effective in large LCD applications since the backplane outputs of only one device need to be through- 
plated to the backplane electrodes of the display. The other PCF 8576s of the cascade contribute 
additional segment outputs but their backplane outputs are left open (Fig. 18). 


The SYNC line is provided to maintain the correct synchronization between all cascaded PCF 8576s. 
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be 
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by 
the definition of a multiplex mode when PCF8576s with differing SAO levels are cascaded). SYNC is 
organized as an input/output pin; the output section being realized as an open-drain driver with an 
internal pull-up resistor. A PCF8576 asserts the SYNC line at the onset of its last active backplane 
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it 


will be restored by the first PCF8576 to assert SYNC. The timing relationships between the backplane 
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig. 19. 


LCD PANEL 


(up to 2560 
elements) 


40 segment drives 


BPO — BP3 (open) 


17-56 


40 segment drives 


4 backplanes 
BPO to BP3 


I" —— 


Fig. 18 Cascaded PCF8576 configuration. 
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SYNC | | | | 
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Fig. 19 Synchronization of the cascade for the various PCF8576 drive modes. 


For single plane wiring of packaged PCF8576s and chip-on-glass cascading, see application information. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range VppD —0,5to+11V 
LCD supply voltage range VLCD Vpp—-11 to Vpp V 
Input voltage range (SCL; SDA; 

AO to A2; OSC; CLK;SYNC; SAO) Vy Ves --0,5to Vpp + 0,5 V 
Output voltage range (SO to S39; 

BPO to BP3) Vo Vicp--G,5 to Vpp + 0,5 V 
D.C. input current +1) max. 20 mA 
D.C. output current +tlo max. 25 mA 
Vpp. Vss or Vicp current tIpp, + Iss, + !Lep max. 50 mA 
Power dissipation per package Prot max. 400 mW 
Power dissipation per output Po max. 100 mW 
Storage temperature range Tstg —65 to+ 150 °C 


D.C. CHARACTERISTICS 
Vss=OV; Vpp=2to9V; Vicp= Vpp—2 to Vpp—9 V; 
Tamb = —40 to + 85 °C; unless otherwise specified 


parameter 


Operating supply voltage 
LCD supply voltage (note 1) 


Operating supply current (normal mode) 
at fo = 200 kHz (note 2) 


Power-saving mode supply current 
at Vpp = 3,5 V; Vicp =OV; 
foLK = 35 kHz (note 2) 


LCD supply current (normal mode) 
at foLK = 200 kHz (note 2) 


Logic 

Input voltage LOW 

Input voltage HIGH 

Output voltage LOW at |g =O mA 
Output voltage HIGH at lq =OmA 


Output current LOW (CLK, SYNC) at 
VoL=10V;Vpp=5V 

Output current HIGH (CLK) at 
VoH = 4,0 Vi Vpp=5V 

Output current LOW (SDA; SCL) at 
VoL =0,4V;Vpp=5V 


Leakage current (SAO; AO to A2; CLK; 
SCL; SDA) at Vj = Vss or Vpp 
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Leakage current (OSC) 


at Vi=Vpp +9 — — 
Pull-up resistor (SYNC) Rsync 20 50 
Power-on reset level (note 3) VREF _ 1,0 
Tolerable spike width on bus tow ~ ~ 
Input capacitance (note 4) C; ~ _ 
LCD outputs 
D.C. voltage component (BPO to BP3) 

at Cpp = 35 nF — 20 
D.C. voltage component (SO to S39) 

at Co = 5 nF — 20 


Output impedance (BPO to BP3) 
at Vi Cp = Vpp—5 V (note 5) 


Output impedance (SO to $39) 
at Vicp = Vpp—8 V (note 5) 


A.C. CHARACTERISTICS (note 6) 
Vss = 0 V; Vpp = 2 to 9V; VLcp = Vpp~-2 to Vpop—9 V; 
Tamb = —40 to + 85 °C; unless otherwise specified 


nen 


parameter 


Oscillator frequency (normal mode) 
at Vpp = 5 V; Roge = 180 k&X2 
(note 7) 


Oscillator frequency (power-saving 
mode) at VDD = 3,5 V; Rose = 1,2 MQ 


CLK HIGH time 

CLK LOW time 

SYNC propagation delay 
SYNC LOW time 


Driver delays with test loads at 
Vicb = Vpp—-5 V 


tPSYNC 
tSYNCL 


tPLCD 
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A.C. CHARACTERISTICS (continued) 


parameter 


°C bus high-speed mode 


Bus free time | tBUF 
Start condition hold time tHD: STA 
SCL LOW time tLOW 
SCL HIGH time _ THIGH 
Start condition set-up time 

(repeated start code only) tsuU: STA 
Data hold time tHD; DAT 
Data set-up time tsu;: DAT 
Rise time tr 
Fall time tf 
Stop condition set-up time tsU: STO 
PC bus low-speed mode 
Bus free time tBUF 
Start condition hold time tHD: STA 
SCL LOW time tLOW 
SCL HIGH time THIGH 
Start condition set-up time 

(repeated start code only) tSU: STA 
Data hold time tHD; DAT 
Data set-up time tSU; DAT 
Rise time tr | 
Fali time tr 
Stop condition set-up time tsu: STO 


Notes to characteristics 


1. VLcp < Vpp—3 V for 1/3 bias. 

, Outputs open; inputs at Vos or Vpp; external clock with 50% duty cycle; I?C bus inactive. 

. Resets all logic when Vpn < VpreEF. 

. Periodically sampled, not 100% tested. 

. Outputs measured one at a time. 

. All timing values referred to Vi,4 and Vj; levels with an input voltage swing of Vgg to Vpp. 


~~ 0 OF & © MS 


At foi < 125 kHz, I?C bus maximum transmission speed is derated. 
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Fig. 20 Test loads. 
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Fig. 21 Driver timing waveforms. 
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Fig. 22 |°C bus high-speed mode timing waveforms. 
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Fig. 23 1?C bus low-speed mode timing waveforms. 
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Tamb = —40 to + 85 °C. fo_« = nominal frequency. 


Fig. 24 Typical supply current characteristics. 
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Fig. 25 Typical characteristics of LCD outputs. 
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APPLICATION INFORMATION 
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Fig. 26 Single plane wiring of packaged PCF85/6s. 
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Chip-on-glass cascadability in single plane 


In chip-on-glass technology, where driver devices are bonded directly onto the glass of the LCD, it is 
important that the devices may be cascaded without the crossing of conductors, but the paths of 
conductors can be continued on the glass under the chip. All of this is facilitated by the PCF8576 
bonding pad layout (Fig. 27). Pads needing bus interconnection between all PCF8576s of the cascade 
are Vpp, Vss, CLK, SCL, SDA and SYNC. These lines may be led to the corresponding pads of the 
next PCF8576 through the wide opening between the V| cp pad and the backplane output pads. 
The only bussed line that does not require a second opening to lead through to the next PCF8576 !s 
V LCD, being the cascade centre. The placing of Vi cp adjacent to Vg allows the two supplies to be 
tied together. 


Fig. 28 shows the connection diagram for a cascaded PCF8576 application with single plane wiring. 

Note the use of the open space between the V| cp pad and the backplane output pads to route Vpp, 

Vss, CLK, SCL, SDA and SYNC. The external connections may be made to either end of the cascade, 
- wherever most convenient for the connector. 


When an external clocking source is to be used, OSC of all devices should be tied to Vpp. The pads 
OSC, AO, A1, A2 and SAO have been placed between Vss and Vpp to facilitate wiring of oscillator, 
hardware subaddress and slave address. 
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APPLICATION INFORMATION (continued) 
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Fig. 27 PCF8576 bonding pad locations. 
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Bonding pad locations 
All x/y coordinates are referenced to left-hand bottom corner (0/0, Fig. 27). 


Dimensions in um 


bottom 


top 
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Fig. 28 Chip-on-glass application; cascaded PCF8576s with single-plane wiring (viewed from back of chip). 
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Purchase of Philips’ 12C components conveys a license under the 
Philips’ 1?C patent to use the components in the |?C-system provided 
the system conforms to the I?C specifications defined by Philips. 
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LCD DIRECT/DUPLEX DRIVER WITH I?C BUS INTERFACE 


GENERAL DESCRIPTION 


The PCF8577 is a single chip, silicon gate CMOS circuit. It is designed to drive liquid crystal displays 
with up to 32 segments directly, or 64 segments in a duplex manner. 


The two-line 1? C bus interface substantially reduces wiring overheads in remote display applications. 
Bus traffic is minimized in multiple |C applications by automatic address incrementing, hardware sub- 
addressing and display memory switching (direct drive mode). 


The PCF8577 and PCF8577A differ only in their slave address. 
Features 


Direct/duplex drive modes with up to 32/64 LCD-segment drive capability per device 
Operating supply voltage: 2,5 to9 V 

Low power consumption 

17 C bus interface 

Optimized pinning for single plane wiring 

Single-pin built-in oscillator 

Auto-incremented loading across device sub-address boundaries 
Display memory switching in direct drive mode 

May be used for 17 C bus output expander 

System expansion up to 256 segments (512 segments with PCF8577A) 
Power-on-reset sets all segments off (to blank) 


S32 
sie | SEGMENT BYTE 
i2¢ Bus | INPUT i2c BUS | REGISTERS BRC KELAN 
| FILTERS CONTROLLER AND ena 
SDA , | MULTIPLEX a 
IVERS 


$1 
BP1 


A2/BP2 
Al 
A0/OSC 


PCF8577 CONTROL REGISTER 
PCF8577A AND 


COMPARATOR DIVIDER 


7Z287556.2 


Fig. 1 Block diagram. 


PACKAGE OUTLINES 


PCF8577P, PCF8577AP: 40-lead DIL; plastic (SOT-129). 
PCF8577T, PCF8577AT: 40-lead mini-pack; plastic (VSO-40; SOT-158A). 
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A2/BP2 
BP 1 
$1 


$2 
PCF 8577 


| PCF8577A | S3 


S4 
S5 
S6 
S7 
S8 
S9 
S10 
S11 
S12 
7287557.1 
Fig. 2 Pinning diagram. 


FUNCTIONAL DESCRIPTION 
Hardware sub-address AO, A1, A2 


PINNING 
Supply 


35 VpD 
38 Vss 


12C bus 


40 SDA 
39 SCL 


Inputs 


360 «OAT 
37. AO/OSC 


Outputs 


1 — 32 S1 — $32 


Input — Output 
34 A2/BP2 


33 BP1 


positive supply 
negative supply 


\2C bus data line 
17C bus clock line 


hardware address line 
hardware address line/oscillator pin 


segment outputs 


harware address line/cascade sync 
input/backplane output 
cascade sync input/backplane output 


The hardware sub-address lines AO, A1, A2 are used to program the device sub-address for each PCF8577 
on the bus. Lines AO and A2 are shared with OSC and BP2 respectively to reduce pin-out requirements. 


A0/OSC Line AO is defined as LOW (logic 0) when this pin is used for the local oscillator or when 
connected to Vss. Line AO is defined as HIGH (logic 1) when connected to Vpp. 


Al Line A1 must be defined as LOW (logic 0) or as HIGH (logic 1) by connection to Vss or Vpp 


respectively. 


A2/BP2 In the direct drive mode the second backplane signal BP2 is not used and the A2/BP2 pin is 
exclusively the A2 input. Line A2 is defined as LOW (logic 0) when connected to Vss or, 
if this is not possible, by leaving it unconnected (internal pull-down). Line A2 is defined as 
HIGH (logic 1) when connected to Vpp. 


In the duplex drive mode the second backplane signal BP2 is required and the A2 signal is 
undefined. In this mode device selection is made exclusively from lines AO and A1. 
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LCD direct/duplex driver with I*C bus interface 


Oscillator AO0/OSC 


The PCF8577 has a single-pin built-in oscillator which provides the modulation for the LCD segment 
driver outputs. One external resistor and one external capacitor are connected to the AO/OSC pin to 
form the oscillator. In an expanded system containing more than one PCF8577 the backplane signals 
are usually common to all devices and only one oscillator is needed. The devices which are not used for 
the oscillator are put into the expansion mode by connecting the AO/OSC pin to either Vpp or Vss 
depending on the required state for AO. In the expansion mode each PCF8577 is synchronized from the 
backplane signal (s). 


User-accessible registers 


There are nine user-accesible 1-byte registers. The first is a control register which is used to control the 
loading of data into the segment byte registers and to select display options. The other eight are segment 
byte registers, split into two banks of storage, which store the segment data. The set of even numbered 
segment byte registers is called BANK A. Odd numbered segment byte registers are called BANK B. 


There are two slave addresses, one for PCF8577, and one for PCF8577A (see Fig. 14). All addressed 
devices load the second byte into the control register and each device maintains an identical copy of 
the control byte in the control register at all times (see 1*C bus protocol Fig. 15). 


The control register is shown in more detail in Fig. 3. The least-significant bits select which device and 
which segment byte register are loaded next. This part of the register is therefore called the Segment 
Byte Vector (SBV). 


The upper three bits of the SBV (V5 to V3) are compared with the hardware sub-address input signals 
A2, A1 and AO. If they are the same then the device is enabled for loading, if not the device ignores 
incoming data but remains active. 


The three least-significant bits of the SBV (V2 to VO) address one of the segment byte registers within 
the enabled chip for loading segment data. 


ee er eT = SEGMENT BYTE meneuwre a i 
DISPLAY 


CONTROL SEGMENT BYTE VECTOR (SBV) 
SS SS 


msb Isb msb Isb 


| segment byte 
———_,—/ , fi 
(1) (1) BANK ‘A 


comparison 


BANK ‘B’ 


DIRECT DRIVE 


E 
DUPLEX DRIVE Ne 7Z287558.1 


Fig. 3 PCF8577 register organization. © 


pIsPLAY (1) Bits ignored in duplex mode. 
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FUNCTIONAL DESCRIPTION (continued) | 

The control register also has two display control bits. These bits are named MODE and BANK. The 
MODE bit selects whether the display outputs are configured for direct or duplex drive displays. 
The BANK bit allows the user to display BANK A or BANK B. 


Auto-incremented loading 


After each segment byte is loaded the SBV is incremented automatically, thus auto-incremented 
loading occurs if more than one segment byte is received in a data transfer. 


Since the SBV addresses both device and segment registers, auto-incremented loading may proceed 
across device boundaries provided that the hardware sub-addresses are arranged contiguously. 


Direct drive mode 


The PCF8577 is set to the direct drive mode by loading the MODE control bit with logic 0. In this 
mode only four bytes are needed to store the data for the 32 segment drivers. Setting the BANK bit to 
logic O selects even bytes (BANK A); setting the BANK bit to logic 1 selects odd bytes (BANK B). 


In the direct drive mode the SBV is auto-incremented by two after the loading of each segment byte 
register. This means that auto-incremented loading of BANK A or BANK B is possible. Either bank may 
be completely or partially loaded irrespective of which bank is being displayed. Direct drive output 
waveforms are shown in Fig. 4. 


VbD 
BP1 
Vss Sees 
V 
DD Segment X 
(SX) 
Ves Se 


2(Vpp — Vs) 


VON = VDD — Vss 
flop 7287559.1 VOFF=0 


Fig. 4 Direct drive mode display output waveforms. 


Duplex mode 


The PCF8577 is set to the duplex mode by loading the MODE bit with logic 1. In this mode a second 
backplane signal (BP2) is needed and pin A2/BP2 is used for this; therefore A2 and its equivalent SBV 
bit V5 are undefined. The SBV auto-increments by one between loaded bytes. 


All of the segment bytes are needed to store data for the 32 segment drivers and the BANK bit is 
ignored. 


Duplex mode output waveforms are shown in Fig. 5. 
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PCF8577A 
OFF /OFF ON / OFF OFF /ON ON/ON 
V ppt eee 
0.5 (Vp —Vss) ou ou pu pu ort 
Vpp 
e8N¥o9- ve) — I] tL i" i i ae " 
Vss 
‘1 SS Segment X 
(SX) 
ee en Se ee 
beh a oe Jl —- 
< 
= 1 
<q <—_— 
Q ficp 7287560.1 
- 
<— 
uw) 
= 
S VON = 9,79 (Vpp — Vss) 
us VoFF = 0,35 (Vpp — Vss) 
uu V 
a on 9196 
VOF 


Fig. 5 Duplex mode display output waveforms. 
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CHARACTERISTICS OF THE I?C BUS 


The !?C bus is for 2-way, 2-line communication between different ICs or modules. The two lines are — 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


| 

| data line | change 

| stable | of data 

| data valid | allowed 7287019 


Fig. 6 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


ans Rin 
ae Dake | pote 
| | | | 
SDA | | | SDA 
| —_—— | 
| | | | 
SCL | | | SCL 
fo gs ee ee 
| | 
pee een | Le Sed 
start condition stop condition 


7Z87005 
Fig. 7 Definition of start and stop conditions. 


System configuration 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is the ‘receiver’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the ‘‘slaves”’. 


z 4} -— eee 
~ ee fe eal 


— — | MASTER 
SLAV MASTER 
TRANSMITTER/ RECEIVER TRANSMITTER / ee TRANSMITTER / 
RECEIVER RECEIVER RECEIVER 


7287004 


Fig. 8 System configuration. 
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Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge 

bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 


SCL FROM | 
MASTER | aa 2 8 re) 
DATA OUTPUT ~s 
BY TRANSMITTER | 
DATA OUTPUT ~~ 
BY RECEIVER 


7287007 
Fig. 9 Acknowledgement on the 1?C bus. 


Timing specifications 


Within the I?C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8577 
operates in both modes and the timing requirements are as follows: 


DEVELOPMENT DATA 


High-speed mode 
Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in 
Fig. 10. 
SDA 
—— 'BUF—> 
SCL 
SoSH ESTA ee | 
tr —> > <_— 
"HD ;DAT tsu ;DAT 
SDA 
7Z87013.1 ae ee ree pee 
'SU;STA tsu;STO 


Fig. 10 Timing of the high-speed mode. 
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CHARACTERISTICS OF THE I*C BUS (continued) 


Where: 
tBUF t 2 t_OWmin The minimum time the bus must be free before a new 
transmission can start 
tHD: STA t 2 tHiGHmin Start condition hold time 
— tLoWmin 4,7 us Clock LOW period 
tuiGHmin 4 us Clock HIGH period 
tSU: STA t 2 tLOWmin Start condition set-up time, only valid for repeated start code 
tHD: DAT t2Ous Data hold time 
tsU: DAT t 2 250 ns Data set-up time 
tp t<1us Rise time of both the SDA and SCL line 
tr t < 300 ns Fall time of both the SDA and SCL line 
tsu: STO t 2 tLOWmin Stop condition set-up time 
Note 


All the timing values referred to Vj} and Vj, _ levels with a voltage swing of Vss to Vpp. 


OS coat ec ad ee ee, Se ee eee 
START ADDRESS R/W ACK DATA ACK START ADDRESS R/W- ACK STOP 
CONDITION CONDITION 


7287014 


Fig. 11 Complete data transfer in the high-speed mode. 


Where: 


Clock tLoWmin 4,7 us 
tHIGHmin 4 us 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1: 1 (LOW-to-HIGH) 
Max. number of bytes unrestricted 
Premature termination of transfer allowed by generation of STOP condition 
Acknowledge clock bit must be provided by the master 
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Low-speed mode 


Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 us 
and a minimum HIGH period of 365 us. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 12. 


; a: 


<— tBur > 


SCL 
— >! THD;STA <— el IGE Sr Sey i SD AT 
tR —> <«— 
"HD ;DAT 
SDA 
7Z87015.1 wt TSS TA ~ as rere 

: Fig. 12 Timing of the low-speed mode. 
a) 
Where: 
= ‘BUF t > 105 us (t; QWmin) 
& tHD:STA t > 365 us (tuiGHmin) 
r tLow 130 ps + 25 us 
ra tHIGH 390 ps + 25 us 

tSU; STA 130 ys + 25 ps* 

tHD; DAT beers 

tsu: DAT t 2 250 ns 

tR t<1 us 

tr t < 300 ns 

tsu: STO 130 us + 25 us 

Note 


All the timing values referred to Vj}4 and Vj|_ levels with a voltage swing of Vss to Vpp, for definitions 
see high-speed mode. 


* Only valid for repeated start code. 
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CHARACTERISTICS OF THE I*C BUS (continued) 


sh Caenennerr oe aaa cae, Sennen (6. GR Ue a 


(a) ee Se 4 ey Ee Lt 
START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE = STOP 
CONDITION ACKNOWLEDGE START CONDITION 

CONDITION 7287016 


Fig. 13 Complete data transfer in the low-speed mode. 


Where: 
Clock tLoWmin 130 ws + 25 us 
tHiGHmin 390 us + 25 us 
Mark-to-space ratio 1:3 (LOW-to-HIGH) 
Start byte 0000 0001 
Maximum number of bytes 6 
Premature termination of transfer not allowed 
Acknowledge clock bit must be provided by master 
Note 


The general characteristics and detailed specification of the I?C bus are described in a separate data 
sheet (serial data buses) in handbook: ICs for digital systems in radio, audio and video equipment. 


ADDRESSING 


Before any data is transmitted on the !?C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. 


Slave address 
The slave address for PCF 8577 and PCF8577A are shown in Fig. 14. 


jsfor 11010 ofa fsforrrors ofa 
= 


0 
Le stave ADDRESS = SLAVE ADDRESS zal 
7Z87561.2 


(a) PCF8577. (b) PCF8577A. 


Fig. 14 PCF8577 and PCF8577A slave addresses. 
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LCD direct/duplex driver with I*C bus interface 


1?C bus protocol 
The PCF8577 |?C bus protocol is shown in Fig. 15. 


acknowledge by acknowledge by acknowledge by 
all i all ee selected PCF 8577 only 


sb 


vv 
SEGMENT 
SLAVE ADDRESS = SEGMENT DATA A 


tL L____ control byte ———!_ L____-. n bytes —____ 


auto increment 
segment byte vector 
7287553.2 


Fig. 15 1I*C bus protocol. 


The PCF8577 is a slave receiver and has a fixed slave address (Fig. 14). All PCF8577 on the same bus 
acknowledge the slave address in parallel. The second byte is always the control byte and is loaded into 
the control register of each PCF8577 on the bus. Subsequent data bytes are loaded into the segment 
registers of the selected device. Any number of data bytes may be loaded in one transfer and in an 
expanded system rollover of the SBV from 111 111 to 000 000 is allowed. If a stop (P) condition is 
given after the control byte acknowledge the segment data remains unchanged. This allows the BANK 
bit to be toggled without changing the segment register contents. During loading of segment data only 
the selected PCF8577 gives an acknowledge. Loading is terminated by generating a stop (P) condition. 


DISPLAY MEMORY MAPPING 


The mapping between the eight segment registers and the segment outputs $1 to S32 is shown in 
Tables 1 and 2. 


Since only one register bit per segment is needed in the direct drive mode, the BANK bit allows 
swapping of display information. If BANK is set to logic 0 even bytes (BANK A) are displayed; if 
BANK is set to logic 1 odd bytes (BANK B) are displayed. BP1 is always used for the backplane output 
in the direct drive mode. 


Table 1 Segment byte — segment driver mapping in the direct drive mode. 


-Mapping example: bit O of register 7 controls the LCD segment $25 if BANK bit is a logic 1. 
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DISPLAY MEMORY MAPPING (continued) 


Even bytes (BANK A) correspond to backplane 1 (BP1) and odd bytes (BANK B) correspond to back- 
plane 2 (BP2). 


Table 2 Segment byte — segment driver mapping in the duplex mode. 


AIN|HA|H 

— —_ CO CO 

[o> me?) ” 
w § 


X = don’t care. Mapping example: bit 7 of register 5 controls the LCD 
segment S24/BP2. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range VDp —0,5 to 11 V 

Voltage on any pin Vy Vss — 0,8 to Vpp + 0,8 V 

D.C. input current +1} max. 20 mA 

D.C. output current ENG: 4 max. 25 mA 

Vpp or Vss current tlpp, Iss max. 50 mA 

Power dissipation per package Prot max.  500* mW 

Power dissipation per output P max. 100 mW 

Operating ambient temperature range ) Tamb —40 to +85 oC 

Storage temperature range T stg —65 to +150 OC 


* Derate 7,7 mW/K when Tampb > 60 °C. 
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LCD direct/duplex driver with I*C bus interface 


CHARACTERISTICS 


parameter 


fScL = 100 KHz; no load; Rosc = 1 MQ 
fsc_ = 0; no load; Rosc = 1 MQ; Vpp=5V; | 
Tamb =250C ‘DD 


Supply voltage 
Supply current | 
Power-on-reset level ** VREF — 1,1 2,0 V 
Input SCL; input/output SDA 
input voltage LOW VIL 0 — 0,8 V 
input voltage HIGH VIH 2,0 — 9,0 V 
output current LOW at Vo, =0,4 V IOL 3,0 — — mA 
output leakage current HIGH at VoH = Vpp IOH ~ _ 250 nA | 
tolerable spike width on bus tsw — — 100 ns : 
x input capacitance at Vj = Vss C| ~ — 7 pF : 
>. A1 input leakage current at Vj = Vss or Vpp I —_ — 250 nA | 
: A2/BP2 input current at Vj = Vpp I - 2,0 -- LA | 
= AO/OSC input current at Vj = Vss or Vpp +1] ~ 5,0 — BA | 
rs DC component of LCD driver +Vpp _- 20 — | mV | 
IT Segment loads Csx i _ 5 | nF | 
rf Rsx 1) ws - | ma] 
= Segment output current | 
at VoL =0,4V; Vpp=5V lOL 0,3 — “ mA | 
Segment output current | 
at VOH = Vpp —0,4V; Vpp =5 V —lIOH 0,3 — — mA 
Backplane load (direct drive) 50 nF 
Se led 
Backplane loads (duplex drive) | 35 | nF | 
_~ | xe 
Rise and fall times (Vgp — Vsx) | 
at maximum load 200 Us | 
Display frequency | 
at Cosc = 680 pF; Rosc = 1 MQ 120 | Hz : 


* Vpp = 5 V; Tamb = 25 OC. 
** The power-on-reset circuit resets the |*C bus logic with Vpp < VREF. 
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device sub-address 
A2.A1.A0= 000 


device sub-address device sub-address 
A2.A1.A0= 001 A2.A1.A0= 111 
) 7Z87554.1 


(1) The series resistance of the display backplane must be greater than 1 Q2. 


Fig. 16 Direct drive display; expansion to 256 segments using eight PCF8577. 
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DEVELOPMENT DATA 


BP2 


DUPLEX LCD DISPLAY 


1 32 33 64 


SCL 


PCF8577 |S32 


DA | 
: [soa] 


| device sub-address [| | device sub-address 
1 A1.A0=00 | | | A1,A0= 01 


device sub-address 
A1.AQ= 11 


7Z87555.1 


i 


(1) The series resistances of the display backplanes must be greater than 1 k{Q. 


Fig. 17 Duplex display; expansion to 2 x 128 seaqments using four PCF8577. 
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APPLICATION INFORMATION (continued) 


32 output lines 


Vop 
Vss 
SCL 
SDA 
device sub-address 
A2, At, AO = 000 
7287562 \ expansion 
Notes 


1. MODE bit must always be set to O (direct drive) 

2. BANK switching is permitted 

3. BP1 must always be connected to Vss and AO/OSC must be 
connected to either Vpp or Vss (no LCD modulation) 


Fig. 18 Use of PCF8577 as 32-bit output expander in |?C bus application. 


Purchase of Philips’ 12C components conveys a license under the 
Philips’ 1?C patent to use the components in the |? C-system provided 
the system conforms to the |? C specifications defined by Philips. 
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256 x 8-BIT STATIC RAM WITH ALARM CLOCK/CALENDAR 
AND BCD-COUNTER 


GENERAL DESCRIPTION 


The PCF8583 is a low power 2048-bit static CMOS RAM organized as 256 words by 8-bits. Addresses 
and data are transferred serially via a two-line bidirectional bus (1?C). The built-in word address 

register is incremented automatically after each written or read data byte. One address pin AO is used for 
programming the hardware address, allowing the connection of two devices to the bus without 
additional hardware. The built-in 32,768 kHz oscillator circuit and the first 8 bytes of the RAM are 
used for the clock/calendar and counter functions. The next 8 bytes may be programmed as alarm 
registers or used as free RAM space. 


Features 


|?C bus interface operating supply voltage: 2,5 V to 6 V 
Clock operating supply voltage (0 to 70 °C): 1,0 V to6 V 
Data retention voltage: 1,0 V to6 V 

Low standby current: max. 15 uA 

Clock function with four year calendar 

24 or 12 hour format 

32,768 kHz or 50 Hz time base 

Serial input/output bus (17C) 

Automatic word address incrementing 

Programmable alarm, timer and interrupt function 


PCF8583 
—_Controt/Status___] 


OSCILLATOR DIVIDER Hundredths of a second 
32,768 kHz 1: 256 
: 100 : 128 


Weekdays/Months 
| 
POWER ON CONTROL 
LOGIC 


RESET 


12¢ 
BUS 


INTERFACE ADDRESS 
REGISTER 


7Z811917.1 


Fig. 1 Block diagram. 
PACKAGE OUTLINES 


PCF8583P: 8-lead DIL; plastic (SOT-97AE). —< 
PCF8583T: 8-lead mini-pack; plastic (SO-8L; SOT-176). 
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PINNING 

1 OSCI oscillator input, 50 Hz or event-pulse input 
2 OSCO oscillator output 

3. AO address input 

4  Vss negative supply 

5 SDA serial data line | 

6 SCL serial clock line | ene 

7 INT open drain interrupt output (active low) 

8 Vpp positive supply 


OSCO INT 
PCF 8583P 
AO PCF8583T SCL 


7281192 


Fig. 2 Pinning diagram. 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range (pin 8); note 1 Vpp —0,8 to 8,0 V 
Voltage range on any input V1 —0,8 toVpp+0,8 V 
D.C. input current (any input) ly max. 10 mA 
D.C. output current (any output) lo max. 10 mA 
supply current (pin 4 or pin 8) Ipp: Iss max. 50 mA 
Power dissipation per package | Ptot max. 300 mW 
Power dissipation per output ; P max. 50 mW 
Storage temperature range | T stg —65 to+ 150 °C 
Operating ambient temperature range Tamb —40 to +85 °C 
Note. 


1. Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be 
totally safe, it is advised to take handling precautions appropriate to handling MOS devices (see 
‘Handling MOS devices’). 
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PCF8583 


and BCD-counter 


FUNCTIONAL DESCRIPTION 


The PCF8583 contains a 256 by 8-bit RAM with an 8-bit auto-increment address register, an on-chip 
32,768 kHz oscillator circuit, a frequency divider, a serial two-line bidirectional |*C bus interface and a 
power-on reset circuit. 


The first 8 bytes of the RAM (memory addresses 00 to 07) are designed as addressable 8-bit parallel 
registers. The first register (memory address OO) is used as a control/status register. The memory ad- 
dresses 01 to 07 are used as counters for the clock function. The memory addresses 08 to OF are free 
RAM locaticns or may be programmed as aiarii registers. 


Counter function modes 


When the control/status register is set a 32,768 kHz clock mode, a 50 Hz clock mode or an event- 
counter mode can be selected. 


In the clock modes the hundredths of a second, seconds, minutes, hours, date, month (four year 
calendar) and weekdays are stored in a BCD format. The timer register stores up to 99 days. The event- 
counter mode is used to count pulses applied to the oscillator input (OSCO left open). The event 
counter stores up to 6 digits of data. 


When one of the counters is read (memory locations 01 to 07), the contents of all counters are strobed 
into capture latches at the beginning of a read cycle. Therefore faulty reading of the count during a 
carry condition ts prevented. 


Alarm function modes 


By setting the alarm enable bit of the control/status register the alarm control register (address 08) is 
activated. 


By setting the alarm control register a dated alarm, a daily alarm, a weekday alarm or a timer alarm 
may be programmed. In the clock modes, the timer register (address 07) may be programmed to count 
hundredths of a second, seconds, minutes, hours or days. Days are counted when an alarm is not 
programmed. 


Whenever an alarm event occurs the alarm flag of the control/status register is set. A timer alarm event 
will set the alarm flag and an overflow condition of the timer wil! set the timer flag. The open drain 
interrupt output is switched on (active LOW) when the alarm or timer flag is set (enabled). 


When a timer function without any alarm function is programmed the remaining alarm registers 
(addresses 09 to OF) may be used as free RAM space. 
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Control/status register 


The control/status register is defined as the memory location 00 with free access for reading and 
writing via the I?C bus. All functions and options are controlled by the contents of the control/status 
register (see Fig. 3). 


ST Memory location 00 


reset state: 0000 0000 | 
Timer flag (50% duty factor 
seconds flag if alarm 
enable bit is 0) 
Alarm flag (50% duty factor 
minutes flag if alarm 
enable bit is 0) 
Alarm enable bit: 
O alarm disabled 
(memory locations 08 to OF 
are free RAM space) 
1 alarm active 
(memory location 08 is the 
alarm control register) 
Mask flag: 
O- read locations 05 to 06 
unmasked 
1 read date and month count 
directly 
Function mode: 


00 clock mode 32,768 kHz 
01 clock mode 50 Hz 

10 event-counter mode 

11 test modes 


Hold last count flag: 


O count 
1 store and hold last count in 
capture latches 


Stop counting flag: 


QO count pulses 
1 stop counting, reset divider 


Fig. 3 Control/status register. 
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Counter registers 


In the different modes the counter registers are programmed and arranged as shown in Fig. 4. Counter 
cycles are listed in Table 1. 


In the clock modes 24 h or 12 h format can be selected by setting the most significant bit of the 
hours counter register. The format of the hours counter is shown in Fig. 5. 


The year and date are packed into memory location 05 (see Fig. 6). The weekdays and months are 
packed into memory location 06 (see Fig. 7). When reading these memory locations the year and 
weekdays are masked out when the mask flag of the control/status register is set. This allows the user 
to read the date and month count directly. 


In the event-counter mode events are stored in BCD format. D5 is the most significant and DO the 
least significant digit. The divider is by-passed. 


Control/Status 


~ Control/Status 


00 
Hundreaths of a second D4 
1/10s 1/100s | of 
Seconds 
; 
D5 D4 
; Ble 
- Hours 
x 10h th nee ia 
a Year/Date 
~ 10d 1d 05 
< Weekday /Month ee 
S 10m tm 06 
Qo. Timer Timer 
O 10d 1d | : T1 TO 07 
—_! 4 
08 
ral Hundredths of a second Alarm Alarm 
1/10s 1/100s D1 DO 09 
: 
: 0A 
0B 
oC 
OD 
Alarm month free 
OE 
Alarm timer Alarm timer 
OF 
free RAM free RAM 
CLOCK MODES EVENT COUNTER 
7ZE81195 


Fig. 4 Register arrangement. 
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Counter registers (continued) 


6 | 5 | 4 2 La or Memory location 04 (hours counter) 
: rit f reset state: 0000 0000 
Unit hours BCD 
Ten hours (0 to 2 binary) 


$$$ $_$_____—_————  AM/PM flag: 


0 AM 
1 PM 


be Format: 


0 24h format, AM/PM flag 
remains unchanged 

1 12 h format, AM/PM flag 
will be updated 


Fig. 5 Format of the hours counter. 


Memory location 05 (year/date) 
reset state: 0000 0001 


Unit days BCD 
Ten days (0 to 3 binary) 


nnn Yaar (Q to 3 binary, read as 0 if 
the mask flag is set) 


Fig.6 Format of the year/date counter. 


‘eEanual Memory location 06 (weekdays/ 


months) 

PUL | CooL. reset state: 0000 0001 
Unit months BCD 
Ten months 


————- Weekdays (0 to 6 binary, read as 0 
if the mask flag is set) 


Fig. 7 Format of the weekdays/months counter. 
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256 x 8-bit static RAM with alarm clock/calendar 
and BCD-counter 


Table 1 Cycle length of the time counters, clock modes 


hundredths of 


counting 


carry to the 
next unit 


contents of the 
month counter 


a second 00 to 99 99 to 00 
seconds 00 to 59 59 to 00 
minutes 00 to 59 59 to 00 
hours (24 h) 00 to 23 23 to 00 
hours (12 h) 12 AM, 
01 AM to 
11 AM, 
12 PM, 
01 PM to 
11 PM 11 PM to 12 AM 
01 to 31 31 to 01 8, 10, 12 
01 to 30 30 to 071 
01 to 29 29 to 01 
= 01 to 28 28 to 01 1,23 
es months 01 to 12 12 to 01 
5 year 0to3 
S weekdays Oto6 6 to 0 
o timer/days 00 to 99 no carry 
i eee 
> 
Lu 
Q 
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Alarm control register 

When the alarm enable bit of the control/status register is set the alarm control register (address O08) is 
activated. All alarm, timer and interrupt output functions are controlled by the contents of the alarm 
control register (see Figs 8a and 8b). 


MSB LSB 
C7 fe Ps [4 Ps [2 [4 [eo] memory ication 0 
aa reset state: 0000 0000 
| | ft Timer function: 


000 no timer 

001 hundredths of a second 

010 seconds 

011 minutes 

100 hours 

101 days 

110 not used 

111 test mode, all counters 
in parallel 


————_____—_——_—————_ Timer interrupt enable: 


O timer flag, no interrupt 
1 timer flag, interrupt 


eae et ee ee, “OlOck alarm tunetion: 


00 no clock alarm 
O01 daily alarm 
10 weekday alarm 
11 dated alarm 


Timer alarm enable: 


O no timer alarm 
1 timer alarm 


—_— ———__ Alarm interrupt enable: 


0 alarm flag, no interrupt 
1 alarm flag, interrupt 


Fig. 8a Alarm control register, clock modes. 
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MSB LSB 


ere Se ee, hs Memory location 08 


reset state: OOOO 0000 


| tf | Timer function: 


000 no timer 

001 units 

010 100 

011 10000 

100 1000 000 

101 not allowed 

110 not allowed 

111 test mode, all counters in 
parallel 


Timer interrupt enable: 


O timer flag, no interrupt 
1 timer flag, interrupt 


Event alarm function: 


00 no event alarm 
01 event alarm 
10 not allowed 
11 not allowed 


Timer alarm enable: 


O no timer alarm 
1 timer alarm 


— ——— Alarm interrupt enable: 


DEVELOPMENT DATA 


O alarm flag, no interrupt 
1 alarm flag, interrupt 


Fig. 8b Alarm control register, event-counter mode. 
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Alarm registers 


All alarm registers are allocated with a constant address offset of hex 08 to the corresponding counter 
registers. 


An alarm goes off when the contents of the alarm registers matches bit-by-bit the contents of the 
involved counter registers. The year and weekday bits are ignored in a dated alarm. A daily alarm 
ignores the month and date bits. When a weekday alarm is selected, the contents of the alarm 
weekday/month register will select the weekdays on which an alarm is activated (see Fig. 9). 


MSB 


LSB 
C7 fe [Ls [* Pa [2 [1 [0] Memory ication 0 
| (alarm weekday/month) 


Weekday O enabled when set 


Weekday 1 enabled when set 
Weekday 2 enabled when set 
Weekday 3 enabled when set 
Weekday 4 enabled when set 
Weekday 5 enabled when set 
~--~—-______——- Weekday 6 enabled when set 


——______—____———- not used 
Fig. 9 Selection of alarm weekdays. 


Interrupt output 


The open-drain n-channel interrupt output is programmed by setting the alarm control register. It is 
switched on (active LOW) when the alarm flag or the timer flag is set. In the clock mode without 
alarm the output sequence is controlled by the timer flag. The OFF voltage of the interrupt output 
may exceed the supply voltage. 


Oscillator and divider 


A 32,768 kHz quartz crystal has to be connected to OSCI (pin 1) and OSCO (pin 2). A trimmer 
capacitor between OSCI and Vpp is used for tuning the oscillator. The oscillator frequency is scaled 
down to 128 Hz by the divider. A 100 Hz clock signal is derived from this signal. 


In the 50 Hz clock mode or event-counter mode the oscillator is disabled and the oscillator input is 
switched to a high impedance state. This allows the user to feed the 50 Hz reference frequency or an 
external high speed event signal into the input OSCI. 


Initialization 


When power-up occurs the |*C bus interface, the control/status register and all clock counters are reset. 
The device starts time keeping in the 32,768 kHz clock mode with the 24 h format on the first of 
January at 0.00.00: 00. 


A second level-sensitive reset signal to the |?C bus interface is generated as soon as the supply voltage 
drops below the interface reset level. This reset signal does not affect the control/status or clock 
counter registers. 


It is recommended to set the stop counting flag of the control/status register before loading the 
actual time into the counters. Loading of illegal states will lead to a clock malfunction but will not 
latch-up the device. 
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256 x 8-bit static RAM with alarm clock/calendar PCF8583 
and BCD-counter 


CHARACTERICS OF THE 1I’C BUS 


The !°C bus is for bidirectional, two-line communication between different ICs or modules. The two 
lines are a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a 
positive supply via a pull-up resistor. Data transfer may be initiated only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock puise as changes in the data line at this time will be interpreted as 
a control signal. 


I | 

} data line | change 
| stable: | of data 
| 


data valid | allowed 7287019 


Fig. 10 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH, is defined as the stop condition (P). 


start conditi stop condition 
ten P 7287005 


Fig. 11 Definition of start and stop condition. 


System configuration 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is the ‘‘receiver’’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the ‘‘slaves’’. 


SDA 
SCL 


MASTER | SLAVE | [ MASTER 
| SLAVE ASTER 
TRANSMITTER / SeccWehe. TRANSMITTER / Pei eee ! TRANSMITTER / 
RECEIVER RECEIVER RECEIVER 


7287004 


Fig. 12 System configuration. 
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Acknowledge 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each data byte of eight bits is followed by one acknowledge bit. The acknowl- 
edge bit is a HIGH level put on the bus by the transmitter whereas the master also generates an extra 
acknowledge related clock pulse. A slave receiver which is addressed must generate an acknowledge 
after the reception of each byte. Also a master must generate an acknowledge after the reception of 
each byte that has been clocked out of the slave transmitter. The device that acknowledge has to pull 
down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW during 
the HIGH period of the acknowledge related clock pulse. A master receiver must signal an end of data 
to the transmitter by not generating an acknowledge on the last byte that has been clocked out of the 
slave. In this event the transmitter must leave the data line HIGH to enable the master to generate a 
stop condition. 


start clock pulse for 
ecoeen acknowledgement 


SCL FROM | 
MASTER | 1 2 8 9 
DATA OUTPUT | 3 
BY TRANSMITTER 
DATA OUTPUT at 
BY RECEIVER 


7287007 


Fig. 13 Acknowledgement on the I?C bus. 
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256 x 8-bit static RAM with alarm clock/calendar 
and BCD-counter 


Timing specifications 


All the timing values are valid within the operating supply voltage and ambient temperature range and 
refer to Vj, and Vjy with an input voltage swing of Vss to Vpp. 


me: oe cai 


SCL clock frequency foe _ — 100 
Tolerable spike width on bus tow — — | 100 
Bus free time tRUF 4,0 — Sa 
Start condition set-up time tsU: STA 4,0 — = 
Start condition hold time tHD:STA 4,/ — — 
SCL LOW time tLow 4,/ = ~ 
SCL HIGH time tHIGH 4,0 _ _ 
SCL and SDA rise time tr — _ 1,0 
SCL and SDA fall time te _~ _ 0,3 
Data set-up time tsu: DAT 250 — i 
Data hold time tuD: DAT 0 — = 

<= | SCL LOW to data out valid tVD: DAT = aL 3,4 

= Stop condition set-up time tsu: STO 4,0 — — 

_ 

= 

Lu 

= 

a. 

O 

rT START BIT 7 BIT 6 BITO | ACKNOW- | STOP 

> PROTOCOL CONDITION MSB LSB LEDGE CONDITION 

ra (S) (A7) _(A6) (R/W) (A) (P) 


tsU:STA tlow. tHIGH WEscL 


SCL 


SDA 


PERTTI ‘HD STA 'sU;DAT 'HD;DAT VD; DAT 'su;STO 


Fig. 14 1?C bus timing diagram. 
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1°C bus protocol 

Before any data is transmitted on the |°C bus, the device which should respond is addressed first. 
The addressing is always done with the first byte transmitted after the start procedure. The |?C bus 
configuration for the different PCF8583 READ and WRITE cycles is shown in Fig. 15. 


acknowledge acknowledge acknowledge 
from slave from slave from slave 


S| SLAVE ADDRESS 0 WORD ADDRESS DATA ay P| 


R/W L______h bytes 
auto increment 


7287031.2 memory word address 


Fig. 15a Master transmits to slave receiver (WRITE mode). 


acknowledge 


acknowledge acknowledge acknowledge 
from master 


from slave from slave from slave 


SLAVE ADDRESS 0 WORD ADDRESS SLAVE ADDRESS 1 DATA a 4 


t at this moment master tL b 
R/W transmitter becomes R/W n bytes 


master receiver and eeeee ; 
auto Increment 


7296262 PCF 8583 slave receiver 
becomes slave transmitter word address 


no acknowledge 
from master 


4 ee 
L—_____ Jast byte = () 


auto increment 
word address 


Fig. 15b Master reads after setting word address (WRITE word address; READ data). 


acknowledge acknowledge no acknowledge 
from slave from master from master 


S|} SLAVE ADDRESS i1/al — DATA A DATA 1] P| 


L_.—_. last byte - 


R/W Ln. by tes 


7296263 auto increment auto increment 
word address word address 


Fig. 15c Master reads slave immediately after first byte (READ mode). 
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256 x 8-bit static RAM with alarm clock/calendar 
and BCD-counter 


CHARACTERISTICS 
Vpp = 2,5 to 6,0 V; Vss = 0 V; Tamb = —40 to + 85 °C unless otherwise specified 


Supply 
Supply voltage VDD 2,5 — 6 V 


Supply current at 
V}=Vss or Vpp 


operating at foc, = 100 kHz IDD _ _ 200 LA 
standby at foc, =O kHz IDDO — — 15 MA 
standby at Tamb = —25 to+ 70°C | Ippo — —~ 5 LA 
Power-on reset voltage level (note 1) VpoR 1,5 1,9 2,3 V 
Inputs; input/output SDA 
Input voltage LOW (note 2) VIL —0,8 V 
Input voltage HIGH (note 2) VIH 0,7x Vpp V 
Output current LOW at 
< VoL =0,4V lo 3 V 
| - Output leakage current 
= HIGH at Voy = Vpp lOH — nA 
= Input leakage current 
5 at V;}=Vpp or Vss +1) — nA 
aT Input capacitance (SCL, SDA) 
= at Vj} =Vss C; — pF 
Q 
LOW Vpp data retention 
Supply voltage for data retention VDDR 1 V 
Supply current at VppR=1V IDDR —_ LA 
Supply current at Vopr =1V; 
Tamb = —25 to + 70 °C IDpR — pA 
Oscillator | 
Integrated oscillator capacitance — pF 


Oscillator stability for: 
AV pp = 100 mV 
at Vpp = 1,5 V; 
Tamb = 25 °C 
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CHARACTERISTICS (continued) 
parameter 


Quartz crystal parameters 
Frequency = 32,768 kHz 
Series resistance 

Parallel capacitance 


Trimmer capacitance 


Notes to characteristics 
1. The power-on reset circuit resets the 17C bus logic when Vpp < Vporp. 


2. When the voltages are a diode voltage above or below the supply voltage Vpp or Vsgs an input 
current will flow; this current must not exceed + 0,5 mA. 
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APPLICATION INFORMATION 
The PCF8583 slave address has a fixed combination 1010 as group 1. 


—_— group 1 as a group 2 _ 7296106 


Fig. 16 PCF8583 address. 


MASTER 
L TRANSMITTER 


CLOCK CALENDAR SCL 
OSCI PCF 8583 

a | 1010’ 
OSCO 


LL EVENT COUNTER 
——p} OSC! PCF8583 
1010 


PCF8583 


VoD 
256 BYTE RAM 
Vop A PCF8570 R R: pull-up resistor 
‘1010’ ; 
ee — _tise_ 
TEST Cus 
SDA SCL 
(I2C bus) 7281194.1 


Fig. 17 PCF8583 application diagram. 


by Philips. 


Purchase of Philips’ |?C components conveys a license under the 
Philips’ 1?C patent to use the components in the |?C-system 
provided the system conforms to the |?C specifications defined 
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specifications are subject to change without notice. 


8-BIT A/D AND D/A CONVERTER 


GENERAL DESCRIPTION 


The PCF8591 is a single chip, single supply low power 8-bit CMOS data acquisition device with four 
analogue inputs, one analogue output and a serial |7C bus interface. Three address pins AO, Al and A2 © 
are used for programming the hardware address, allowing the use of up to eight devices connected to 

the 17C bus without additional hardware. Address, control and data to and from the device are 
transferred serially via the two-line bidirectional bus (1*C). 


The functions of the device include analogue input multiplexing, on-chip track and hold function, 
8-bit analogue-to-digital conversion and an 8-bit digital-to-analogue conversion. The maximum conversion 
rate is given by the maximum speed of the !7C bus. 


FEATURES 


Single power supply 

Operating supply voltage 2,5 V to6 V 

Low standby current 

Serial input/output via 17C bus 

Address by 3 hardware address pins 

Sampling rate given by |*C bus speed 

4 analogue inputs programmable as single-ended or differential inputs 
Auto-incremented channel selection 

Analogue voltage range from Vss to Vpp 
On-chip track and hold circuit 

8-bit successive approximation A/D conversion 
Multiplying DAC with one analogue output 


APPLICATIONS 


Closed loop control systems; low power converter for remote data acquisition; battery operated 
equipment; acquisition of analogue values in automotive, audio and TV applications. 


PACKAGE OUTLINES 


PCF8591P:16-lead DIL; plastic (SOT-38). 
PCF8591T:16-lead mini-pack; plastic (SO-16L: SOT-162A). 
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6 
00 
> 
5 an <=> a 
S SDA © 
n anh, 
ct 
© °c BUS 
& INTERFACE 
AO 
STATUS DAC DATA ADC DATA 
Al > REGISTER REGISTER REGISTER 


A2 —> 
EXT | 
Vpp —> 

POWER ON 

OSCILLATOR 
AINO —> 
AIN1: ANALOGUE 
MULTI- S/H 

AIN2 PLEXER 
AIN3 


RESET 
AOUT S/H DAC 


CONTROL 


V 
= LOGIC 


OSC 


SUCCESSIVE APPROXIMATION 
REGISTER/LOGIC 


VREF 


— AGND 


7280971 


Fig. 1 Block diagram. 


8-bit A/D and D/A converter PCF8591 


PINNING 
1. AINO 
2. AIN1 analogue inputs 
3. AIN2 (A/D converter) 
4. AIN3— 
5. AO | 
6. Al hardware address 
PCF8591 7. A2 
8. Vss negative supply voltage 
9. SDA |7C bus data input/output 
10. SCL 12C bus clock input/output 
11. OSC oscillator input/output 
12. EXT external/internal switch for oscillator input 
13. AGND — analogue ground 
7Z80959.1 14. VREF voltage reference input 
15. AOUT analogue output (D/A converter) 
Fig. 2 Pinning diagram. 16 Vpp positive supply voltage 


FUNCTIONAL DESCRIPTION 


< Addressing 
= 
7 Each PCF8591 device in an I*C bus system is activated by sending a valid address to the device. The 
= address consists of a fixed part and a programmable part. The programmable part must be set according 
< to the address pins AO, A1 and A2. The address always has to be sent as the first byte after the start 
S condition in the |*C bus protocol. The last bit of the address byte is the read/write-bit which sets the 
© direction of the following data transfer (see Figs 3 and 10). 
_ 
Lu 
> 
Lu | 
Q MSB LSB 

PT peD Tels [ope 

fixed part programmable part 7Z80960 


Fig. 3 Address byte. 


Control byte 


The second byte sent to a PCF8591 device will be stored in its control register and is required to 
control the device function. 


The upper nibble of the control register is used for enabling the analogue output, and for programming 
the analogue inputs as single-ended or differential inputs. The lower nibble selects one of the analogue 
input channels defined by the upper nibble (see Fig. 4). |f the auto-increment flag is set the channel 
number is incremented automatically after each A/D conversion. 


The selection of a non-existing input channel results in the highest available channel number being 
allocated. Therefore, if the auto-increment flag is set, the next selected channe! will be always channel 0. 
The most significant bits of both nibbles are reserved for future functions and have to be set to 0. | 
After a power-on reset condition all bits of the control register are reset to 0. The D/A converter and 
the oscillator are disabled for power saving. The analogue output is switched to a high impedance state. 
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MSB LSB 
CONTROL BYTE 


ag aa” A/D CHANNEL NUMBER: 
00 ~~ channel 0 
01 channel 1 
10 channel 2 
11 channel 3 
AUTOINCREMENT FLAG: 


(switched on if 1) 


ANALOGUE INPUT PROGRAMMING: 


00 ~—sC Four single ended inputs 


AINO ——————-——————. channel 0 
AIN1: ———--—— channel 1 
AIN2 ————————. channel 2 
AIN3 —————————. channel 3 


01 Three differential inputs 


AINO | 
channel 0 
AIN1 
eS channel 1 
AIN2 
as channel 2 
AIN3 


10 Single ended and differential mixed 
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AINO 
AiN1 


channel 0 | 
channel 1 


AIN2 . 
channel 2 
AIN3 | 


11 Two differential inputs 


AIN2 
AIN3 


AINO 
channel 0 
AIN1 


channel 1 


ANALOGUE OUTPUT ENABLE FLAG: 
(analogue output active if 1) 7280961 


Fig. 4 Control byte. 
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8-bit A/D and D/A converter PCF8591 


D/A conversion 


The third byte sent to a PCF8591 device is stored in the DAC data register and is converted to the 
corresponding analogue voltage using the on-chip D/A converter. This D/A converter consists of a 
resistor divider chain connected to the external reference voltage with 256 taps and selection switches. 
The tap-decoder switches one of these taps to the DAC output line (see Fig. 5). 


The analogue output voltage is buffered by an auto-zeroed unity gain amplifier. This buffer amplifier 
may be switched on or off by setting the analogue output enable flag of the control register. In the 
active state the output voltage is held until a further data byte is sent. 


The on-chip D/A converter is also used for successive approximation A/D conversion. In order to 
release the DAC for an A/D conversion cycle the unity gain amplifier is equipped with a track and 
hold circuit. This circuit holds the output voltage while executing the A/D conversion. 


The output voltage supplied to the analogue output AOUT is given by the formula shown in Fig. 6. 
The waveforms of a D/A conversion sequence are shown in Fig. 7. 


DAC OUT 


VREF 


TAP 
DECODER 


DO 


AGND 


7Z80962 


Fig. 5 DAC resistor divider chain. 
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MS LSB 7Z80963 


B 
DAC data 
7 | 08 | 0s | 04 | os] 02 | D1 | 00 | are 


Vv 
OUT 7 VREF ~ VAGND 5 oe 
VaouT = VYaGno + ———o5— 1X 


Vpop i=0O 


V 
= 00 O01 02 03 04 FE FF HEX CODE 


Fig. 6 DAC data and d.c. conversion characteristics. 


PROTOCOL ES ADDRESS po} a CONTROL BYTE DATA BYTE 1 DATA BYTE 2 
1Lf2 slLiolii 9Li1 oli 


VAOUT 


VALUE OF 
DATA BYTE 1 


ee ee ee PREVIOUS VALUE 
HELD IN DAC 
REGISTER 


HIGH IMPEDANCE STATE OR 
PREVIOUS VALUE HELD IN DAC REGISTER 


time 


7280964 


Fig. 7 D/A conversion sequence. 
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A/D conversion 


The A/D converter makes use of the successive approximation conversion technique. The on-chip D/A 
converter and a high gain comparator are used temporarily during an A/D conversion cycle. 


An A/D conversion cycle is always started after sending a valid read mode address to a PCF8591 device. 
The A/D conversion cycle is triggered at the trailing edge of the acknowledge clock pulse and is 
executed while transmitting the result of the previous conversion (see Fig. 8). 


Once a conversion cycle is triggered an input voltage sample of the selected channel is stored on the 
chip and is converted to the corresponding 8-bit binary code. Samples picked up from differential 
inputs are converted to an 8-bit two’s complement code (see Fig. 9). The conversion result is stored 
in the ADC data register and awaits transmission. If the auto-increment flag is set the next channel is 
selected. 


The first byte transmitted in a read cycle contains the conversion result code of the previous read cycle. 
After a power-on reset condition the first byte read is a hexadecimal 80. The protocol of an |?C bus 
read cycle is shown in Fig. 10. 


The maximum A/D conversion rate is given by the actual speed of the |?C bus. 


TATA gigi a de ts 9/1 


SDA 


[ 7Z80965 
SAMPLING SAMPLING SAMPLING 
BYTE 3 


BYTE 1 BYTE 2 
CONVERSION CONVERSION CONVERSION 
OF BYTE 1 OF BYTE 2 OF BYTE 3 

| —__—____ 
TRANSMISSION TRANSMISSION TRANSMISSION 
OF PREVIOUSLY OF BYTE 1 OF BYTE 2 


CONVERTED BYTE 


Fig. 8 A/D conversion sequence. 
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CODE . 7280966 


FF + ———_—___________ 


FE tie oe Vrer — VAGND 
LSB 256 


04 

03 

02 

01 

00 

Oo AS OO Sb a eee, 254 255 Vain ~ VAGND 
VLSB 


Fig. 9a A/D conversion characteristics of single-ended inputs. 


HEX 
7Z80967 
> 
—128 -127 --- -2 427) Nica se = Vanes 
VLSB 


] _ Vrer ~ VAGND 
VisB~ 256 


Fig. 9b A/D conversion characteristics of differential inputs. 
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8-bit A/D and D/A converter PCF8591 


Reference voltage 


For the D/A and A/D conversion either a stable external voltage reference or the supply voltage has to 
be applied to the resistor divider chain (pins VRef and AGND). The AGND pin has to be connected 
to the system analogue ground and may have a d.c. off-set with reference to Vss. 


A low frequency may be applied to the Vpef and AGND pins. This allows the use of the D/A conver- 
ter as a one-quadrant multiplier; see Application Information and Fig. 6. 


The A/D converter may also be used as a one or two quadrant analogue divider. The analogue input 
voltage is divided by the reference voltage. The result is converted to a binary code. In this application 
the user has to keep the reference voltage stable during the conversion cycle. 


Oscillator 

An on-chip oscillator generates the clock signal required for the A/D conversion cycle and for refreshing 
the auto-zeroed buffer amplifier. When using this oscillator the EXT pin has to be connected to Vss. 
At the OSC pin the oscillator frequency is available. 


If the EXT pin is connected to Vpp the oscillator output OSC is switched to a high impedance state 
allowing the user to feed an external clock signal to OSC. 


Bus protocol 


After a start condition a valid hardware address has to be sent to a PCF8591 device. The read/write 

bit defines the direction of the following single or multiple byte data transfer. For the format and the 
timing of the start condition (S), the stop condition (P) and the acknowledge bit (A) refer to the 

[2C bus characteristics. In the write mode a data transfer is terminated by sending either a stop condition 
or the start condition of the next data transfer. 


August 1986 1233 


PCF8591 


Acknowledge Acknowledge Acknowledge 
from PCF8591 from PCF8591 from PCF8591 


ADDRESS 0 CONTROL BYTE DATA BYTE 


N=0 to M 
DATA BYTES 7280968 
Fig. 10a Bus protocol for write mode, D/A conversion. 
Acknowledge Acknowledge No acknowledge 


from PCF8591 from master 


ADDRESS 1 DATA BYTE LAST DATA BYTE Lae 
7Z80969 


N=0toM 
DATA BYTES 


Fig. 10b Bus protocol for read mode, A/D conversion. 
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CHARACTERICS OF THE I?C BUS 


The I*C bus is for bidirectional, two-line communication between different |Cs or modules. The two 
lines are a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a 
positive supply via a pull-up resistor. Data transfer may be initiated only when the bus is not busy. 


Bit transfer 

One data bit is transfered during each clock pulse. The data on the SDA line must remain stable during 
the HIGH period of the clock pulse as changes in the data line at this time will be interpreted as a 
control signal. 


| 

| data line | change 

| stable: | of data 

| data valid | allowed 7287019 


<{ 
P. Fig. 11 Bit transfer. 
QO 
EC Start and stop conditions 
= Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
. data line, while the clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition of 
— the data line while the clock is HIGH, is defined as the stop condition (P). 
Lu 
> 
Lu 
Q 
rere cra 7 jo 
ope ! \ | / \ ae SDA 
| | = | : 
SCL : | ) : SCL 
| | | 
[nee | | aes Paco ee 
start condition stop condition 


7287005 


Fig. 12 Definition of start and stop condition. 
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System configuration 


A device generating a message is a ‘’transmitter’’, a device receiving a message is the receiver”. The 
device that controls the message is the “master” and the devices which are controlled by the master 
are the “slaves”. : 


SDA 
SCL 


MASTER | SLAVE as _ MASTER 
TRANSMITTER/ | | TRANSMITTER / TRANSMITTER / 


: R 
RECEIVER GEveuer RECEIVER TBANSMITIE RECEIVER 


7287004 


Fig. 13 System configuration. 


Acknowledge. 


Tne number of data bytes transfered between the start and stop conditions from transmitter to 
receiver is not limited. Each data byte of eight bits is followed by one acknowledge bit. The acknow- 
ledge bit is a HIGH level put on the bus by the transmitter whereas the master also generates an extra 
acknowledge related clock pulse. A slave receiver which is addressed must generate an acknowledge 
after the reception of each byte. Also a master must generate an acknowledge after the reception of 
each byte that has been clocked out of the slave transmitter. The device that acknowledges has to pull 
own the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW during the 
MfGH period of the acknowledge related clock pulse. A master receiver must signal an end of data to 
the transmitter by not generating an acknowledge on the last byte that has been clocked out of the 
slave. In this event the transmitter must leave the data line HIGH to enable the master to generate a 
stop condition. 


start clock pulse for 
condition acknowledgement 


SCL FROM 
DATA OUTPUT | 
BY TRANSMITTER | ae 
DATA OUTPUT = 
BY RECEIVER 


7287007 


Fig. 14 Acknowledgement on the |?C bus. 
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Timing specifications 


All the timing values are valid within the operating supply voltage and ambient temperature range and 
refer to Vj, and V|Y with an input voltage swing of Vss to Vpp. 


parameter min. typ. max. unit 


SCL clock frequency — 100 kHz 
Tolerable spike width on bus — 100 ns 
Bus free time _ — MS 
Start condition set-up time — _ LS 
Start condition hold time _ — LS 
SCL LOW time = ms us 
SCL HIGH time = a us 
SCL and SDA rise time _ 1,0 Ms 
SCL and SDA fall time — 0,3 us 
Data set-up time tSU; DAT — _ ns 
Data hold time tHD: DAT — ze ns 

= SCL LOW to data out valid tVD: DAT = 34 us 

> Stop condition set-up time tsu: STO — — Us 

— ae 

= 

Lu 

= 

Ou. 

ro) 

a 

~ START BIT 7 BIT 6 BITO | ACKNOW- | STOP 

rf PROTOCOL CONDITION MSB LSB LEDGE CONDITION 

OQ (A7) (A6) (R/W) 

tSu;STA tlow ‘HIGH Visor 


SCL 


SDA 


ee ‘HD ;STA 'SU;DAT HD; DAT ‘VD; DAT ‘su; STO 


Fig. 15 1?C bus timing diagram. 


August 1986 1237 


PCF8591 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage range Vpp —0,5 to +8,0 V 
Voltage on any pin V\ —0,5 to Vpp +0,5 V 
Input current d.c. I max. 10 mA 
Output current d.c. i lo max. 20 mA 
VDp or Vss current Ipp,!ss max. 50 mA 
Power dissipation per package Ptot max. 300 mW 
Power dissipation per output P max. 100 mW 
Storage temperature range T stg —65 to +150 OC 
Operating ambient | 

temperature range Tamb —40 to +85 OC 
Note: 


Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be 
totally safe, it is advised to take handling precautions appropriate to handling MOS devices (see 
‘Handling MOS devices’). 


CHARACTERISTICS 
Vpp = 2,5 V to 6 V; Vss = 0 V; Tamb = —40 OC to +85 OC unless otherwise specified 


parameter 

Supply 

Supply voltage operating 

Supply current standby 
V; =Vss or Vpp; 
no load 

Supply current — | operating; AOUT off; 
fsc_ = 100 kHz 

Supply current AOUT active: 
fsc_ = 100 kHz 

Power-on reset level note 1 


Digital inputs/output | SCL,SDA, AO, A1, A2 


Input voltage LOW 
Input voltage HIGH 
input current leakage; 


| Vi = Vss to VDD 
Input capacitance | 


SDA output current leakage; 
| HIGH at VoH=Vpp 


SDA output current | LOW at Vo, =0,4V 
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Reference voltage inputs VREF, AGND 

Voltage range reference VREF VAGND — Vpp | V 
Voltage range analogue ground | VAGND VSs — VRerF | V 
Input current leakage ly — — 250 |! nA 
Input resistance VREF to AGND | RREF — 100 — kQ 
Oscillator OSC, EXT 

Input current leakage l| — ~ 250 | nA 
Oscillator frequency fosc 0,75 — 1,25 | MHz 


D/A CHARACTERISTICS 


Vpp = 5,0 V; Vss =0 V; VREF =5,0 V; VAGND = 0 V; Rigag = 10 kQ; Cioag = 100 pF; 
Tamb = —40 OC to +85 °C unless otherwise specified 


= Analogue output 

a Output voltage range no resistive load VDD 

_ Output voltage range Rioad = 10 kQ 0,9xVppD 

= Output current leakage; 

rs AOUT disabled 250 

m7 

> Accuracy 

Lu 

a Offset error Tamb = 25 °C 50 
Linearity error +15 
Gain error no resistive load 1 
Settling time to % LSB full 

scale step 90 


Conversion rate 


Supply noise rejection at f = 100 Hz; 
VDD = 0,1 Vpp 
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A/D CHARACTERISTICS 
Vpp = 5,0 V; Vss =0 V; VREF =5,0 V; VAGND = 0 V; Resource = 10 kQ; Tamb = —40 OC to +85 OC 


unless otherwise specified 


parameter 


Analogue inputs 
Input voltage range 


input current leakage _ 
Input capacitance 10 
Input capacitance differential 10 
Single-ended voltage measuring range —_ 
Differential voltage measuring range; 

VFS = VREF 

— VAGND = 
Accuracy 
Offset error Tamb = 25 9C — 
Linearity error a 
Gain error ~ 
Gain error small-signal; 

AVIN = 16 LSB — 
Rejection ratio common-mode 60 
Supply noise rejection at f = 100 Hz; 

VDDN = 0,1xVpp 40 


Conversion time 


Sampling/conversion rate 


Note 
1. The power on reset circuit resets the |7C bus logic when Vpp is less than VpoR. 


5 ni 
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8-bit A/D and D/A converter PCF8591 


200 Be Wenr re 160 — 7294727 
mE bo 
(uA) = - = (uA) 
“Eh Hoe 7 
aa 
100 = Sine Senn es eee see 


Fit tt tt | 


6 
Yop {V) Vpop (V) 


(a) internal oscillator; Tamb = + 27 OC. (b) external oscillator. 


Fig. 16 Operating supply current against supply voltage (analogue output disabled). 


D/A output impedance (Q) 
D/A output impedance (Q) 


zee ee eae 


Le ict oe Mec etecale a! 


ai eae 
BO co DO EO FO FF 
hex input code hex input code 
(a) Output impedance near negative power rail; (b) output impedance near positive power rail; 
Tamb moe 27 oc. Tamb = + 27 OC. 


Fig. 17 Output impedance of analogue output buffer (near power rails). 


The x-axis represents the hex input-code equivalent of the output voltage. 
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APPLICATION INFORMATION 


Inputs must be connected to Vss or Vpp when not in use. Analogue inputs may also be connected to 
AGND or VReF. 


In order to prevent excessive ground and supply noise and to minimize cross-talk of the digital to 

analogue signal paths the user has to design the printed-circuit board layout very carefully. Supply 
lines common to a PCF8591 device and noisy digital circuits and ground loops should be avoided. 
Decoupling capacitors (> 10 wF) are recommended for power supply and reference voltage inputs. 


Vpp V 
are DD 
“oD +H 


PCF8591 


AINO Vout 
AIN1 
QO @& A .  @ 
Vo Vy AIN3 Vo 


Z 7 pp —4 AO PCF8591 G 


1 ANALOGUE GROUND 
‘, 


_[ DIGITAL GROUND TRANSMITTER 


2 
7280970.1 Ee BUS 


Fig. 18 Application diagram. 


Purchase of Philips’ 12C components conveys a license under the 
Philips’ 17C patent to use the components in the |? C-system 


provided the system conforms to the I?C specification defined 
by Philips. 
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PACKAGE OUTLINES 


For products: 2960, 2964B, 9401, 9403 and for products 
with prefixes: SCN, 8T, 8X 


For products with prefixes: MAB, MAF, MEA, OM, PCD, 
PCF, SAA, TEA 
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For products: 2960, 2964B, 9401, 9403 and for products 
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GENERAL INFORMATION 


INTRODUCTION 

The following information applies to all 
packages unless otherwise specified on in- 
dividual package outline drawings. 


General 

1. Dimensions shown are metric units (mil- 
limeters), except those in parentheses 
which are English units (inches). 

2. Lead spacing shall be measured within 
this zone. 
a. Shoulder and lead tip dimensions are to 

centerline of leads. 

3. Tolerances non-cumulative 

4. Thermal resistance values are deter- 
mined by utilizing the linear temperature 
dependence of the forward voltage drop 
across ‘he substrate diode in a digital 
device to monitor the junction tempera- 
ture rise during known power applica- 
tion across VCC and ground. The values 
are based upon 120 mils square die for 
plastic packages and a 90 mils square 
die in the smallest available cavity for 
hermetic packages. All units were sol- 
der mounted to P.C. boards, with stan- 
dard stand-off, for measurement. 


PLASTIC PACKAGES 
NO. OF LEADS 


Plastic Dual-in-Line 


SO Packages 


16 
20 


Pla 
5 


stic Only 


. Lead material: Olin 194 (copper alloy) or 


equivalent, solder dipped. 


. Body material: Plastic (epoxy) 
. Round hole in top corner denotes lead 


No. 1. 


. Body dimensions do not include mold- 


ing flash. 


. SO packages-microminiature pack- 


ages: 

a. Lead material: Olin 194 (copper alloy) or 
equivalent, solder dipped. 

b. Body material: Plastic (epoxy). 


Hermetic Only 


10. 


11. 


Lead material 

a. ASTM alloy F-15 (KOVAR) or equivalent — 
gold plated, tin plated, or so:der dipped. 

b. ASTM alloy F-30 (Alloy 42) or equivalent — 
tin plated, gold plated or solder dipped. 

c. ASTM alloy F-15 (KOVAR) or equivalent — 
gold plated. 

Body Material 

a. Eyelet, ASTM alloy F-15 or equivalent — 
gold or tin piated, giass body. 

b. Ceramic with glass seai at leads. 

c. BeO ceramic with glass seal at leads. 

d. Ceramic with ASTM alloy F-30 or equiv- 
alent. 


PACKAGE CODE Ojp/ Oye (°C/W) 

NHA 95/33 
NJA 73/33 
NKA 69/26 
NLA 65/26 
NNA 60/23 
NQA 56/21 
DJ tbd 

DL tbd 


17. 
18. 


PACKAGE 
OUTLINES 


. Lid Material 


a. Nickel or tin plated nickel, weld seal 

b. Ceramic, glass seal. 

c. ASTM alloy F-15 or equivalent, gold piated, 
alloy seai. 

d BeO Ceramic with glass seal 


. Signetics symbo!, angle cut, or lead tab 


denotes Lead No. 1. 


. Recommended minimum offset before 


lead bend. 


. Maximum glass climb .010 inches. 
. Maximum giass climb or lid skew is .010 


inches. 
Typical four places. 
Dimension also applies to seating plane. 


DESCRIPTION 


Cu Lead Frame 
Cu Lead Frame 
Cu Lead Frame 
Cu Lead Frame 
Cu Lead Frame 
Cu Lead Frame 


SO-16L 
SO-20L 
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GENERAL INFORMATION (continued) 


HERMETIC PACKAGES 


PACKAGE CODE DESCRIPTION! 


NO. OF LEADS Ojal Big (°C/W) 


Flat Packs 


10 QF 230/55 Flat Ceramic 

10 WF 240/50 Flat Ceramic 

14 QHA 185/45 Flat Ceramic Laminate 
14 WH 205/50 Flat Ceramic 

16 QJA 170/45 Flat Ceramic Laminate 
16 RJA 133/30 ' Flat Ceramic, BeO 

16 WJ 200/50 Flat Ceramic 

18 RKA 107/22 Flat Ceramic, BeO 

24 QNA 155/44 Flat Ceramic Laminate 
24 RNA 107/22 Flat Ceamic, BeO 

24 WN 155/40 Flat Ceramic 

28 RQA 107/22 Flat Ceramic, BeO 

40 RWA 95/20 Flat Ceramic, BeO 


Cerdip Family 


FE 110/30 Dual-In-Line Ceramic 
FH 110/30 Dual-In-Line Ceramic 
FJ 77130 Dual-iIn-Line Ceramic 
FK 73/27 Dual-In-Line Ceramic 
FL 72/25 Dual-In-Line Ceramic 
FM 66/27 Dual-In-Line Ceramic 
FN — 63/26 Dual-In-Line Ceramic 


FQ 57/27 Dual-!In-Line Ceramic 


NOTE 
1. Dual-tn-Line packages unless otherwise described. 


Memory Package Codes consist of two or three alphas as follows: 


Package Type Revision or other Signetics internal designator 
A = Plastic Leaded 


D = Small Outline Plastic DIP Number of Pins 


F = Cerdip J= 16 
G = Hermetic Leadless K= 18 
N = Plastic DIP | L= 20 
R = Ceramic Flat Pack : = a 
W = Cerpack Flat Pack = 

i Q= 28 
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HERMETIC: Cerdip 


FH 14 


LEAD NO 1 


7 67 { 302) MAX 


1.02 ! 040) 
z (020) 
19.94 ( 785) |4.45 1 175)pe 8131-320) 
19.181 755) 368/145), 737! 290) | 2.291 090) 


= 


(Note) 


on 


0.36 | 014) 
0.20 ( 008) 


10 03 (395) 


7 62 ( 300: 
4.19 ( is 


+ 318 ( 125) 
2.49 (098) 
78 1.070) 


178 ( 178.070) 
0 76 ( 030) 030) 


init 


2. a (.110) 
0.58 (.023) 2291 090) 
0.38 (.015) 015) 


FM 22 


LEAO NO. 1 


+ 


10. 16 (.400) 
MAX 


28.19 (1.100) 1.02 (040) 

27.00 (1.060) 0.38 (015) 
1.78 1.070) 
0.76 (030) 


10.80 ( 425) 
10.30 ( 405) 


(Note) 


0.36 | 014) 
0 20 (.008) 


2.79 (.110) 12 97 (.495) 
2.29 (090) 10 16 { 400) 


2.54 ( 100) 4.19 (165) 
ae 0.64 (025) 3 18 ( 125) 
0.58 (.023) 
0 38 ( 015) 
FQ 28 


LEAD NO 1 


18.78 (.620) MAX. 


140. G55: 
051 020: 
508 200 


381150) 5 49, 610 


aa 


| 37 85:1 490 


| 36 561 460, 


| 


5 


936 614; 


0207 008: 
1752: 690: 
nas 16 25” 640) 


‘ 
355 140) 


a1 


193.076 van ~~ 


058 023, 279 110; €54: 10 


0: 
938 015 229° 090) EF BE, 768" 120) 


CONSTRUCTIONS NGTES Ge 10d tte 


2 54 (100) 


7547 100: 


PACKAGE 
OUTLINES 


FL 20 
LEAD NO.1 
iz 
7.87 (.302) MAX 
(| 
25.148 (.090) | 4.45 (.175) 8.13 (.320) 
TIBIA) TOE CTR) [7.37 (200) | 
| aes | 2.20 (.090) 
1.02 (.040) + | | 
6.38 (.015) 
cmH] | —— 
| 0.36 (.014) | 
| 0.20 (.008) 
1.78 (.070) ‘0st 
5781030) I | 270.aso)_| 1.27 (.080) a 
0.58 (.023) 2.29 (.090) .127 (.005) lo. 19 (.185) 
0.36 (.015) NON-CUMULATIVE 3780128) 
FN 24 


LEADNO 1 42! 


| 
16.76 (.620) 
MAX, 


40: \ 
| 32.77:1 290) Prom oeooae _1575 : 620) | 
31.37 (1 235; H ae 1499" s30, |? 84: 100: 


036° 014! 


020; 008: TAT 


1781070) [|| u 17 65 | 695: | 
076/030) ||! 432/170) 15 24: 600: 
-- 330! 130) 
058 | 023) a 110i 249° 098) 4 } 19 | 165) 
038° 015) 2291 090: 1521 060: 418 125, 


CONSTRUCTION NOTES Qc 10d 1c 
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HERMETIC: Cerdil 


124 
LEADNO.1 13 
15.49 (.610) 
14.73 (.580) 
[L301 2.220), et Este eee ee net 1.78 (.070) 8 18145 74 (.620) 
29.97 (1.180) 13.46 (.530) 0.76 (.030)} | 13.46 (530) _, |14.99 (.590) 
0.13 (.005) MIN. (12.95 1510)" iP OE TEIN L 
gg ttl 2 
0.31 (.012) A 


A a 


2.79 (.110) ocean e| 
2.29 (.090) | 14.73 (.580) 
—_ 
3.05 (.120) 4.45 (.175) 
3.18 125) 


| 
0.76 1.030) 953 921) 


1,65 (.065) ua al 


0.38 (.015) 
1,52 (.060) 
1.14 (.045) 2.03 (.080) 
1 28 
LEAD NO. 1 
15.49 (.610) 
14.73 (.580) 
36.32 (1.430) 1,78 (.070}}0— 12-74 (.620) 
‘ 35.05 (1.380) 0.76(030)) 14.98 (.590) 
13.46 (.530) 13.46 (.530) 
oe pai om 95 (.510) | | | Pes ce 
NOTE 2 
0.31 (.012) . 
0.20 (.008) 
1.65 (,065) 16.36 ee | 
0.76 (.030) Is 0.53 (.021) ‘ pee as 
0.38 (.015) 2.79 ie 3.05 (.120) 5 (.175 
1.52 [= Sea nan 3.18 (.125 
1a os5) 2.29 (.090) 2.03 (.080) (.125) 
NON 
, CUMULATIVE 
LEAD NO. 1 
1 40 
15.49 (.610) 
14.73 (.580) 
51.56 (2.030) 
50.29 (1.980) 3.05 (.120} 15.74 (.620) 
2.03 (.080) 74.98 (.590) 
13.46 (.530) 1,78 (.070) 13.46 (. $20) 9 
eens a | [712.98 (510 ato 0.76 1.030) 1365810) 74 
7 oo We TLL. wore 2 
t a (.012) 
1.96 .644) 0.20 (.008) 
14.73 (.580) 80) 
1,65 (.065) 1.52 (.060) 2.79 (.110) 
0.76 (.030) 1.14 (.045) 2.29 (.090) 4.45 (.175) 
0.53 (.021) NON 378 (125) 
0.38 (.015) CUMULATIVE ‘ , 
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HERMETIC: Cerdil (continued) 


1 48 


[ LEAD NO. 1 


15.34 (0.604) 
14.63 (0.576) 


[_—___________ssr@azy_ 492(6.160) 
60.35 (2.376) .05 (0.120) 


1.524 (0.060) 
1.016 (0.040) 


0.330 (0.013) 
| { | 0.203 (0.008) 
| I 15.65 (0.616) 
0.762 (0.030) 0.100 BSC —_— . : 


2.54 (0.100) 


0.533 (0.021) 
0.381 (0.015) 


150 
oo NO. 1113; 
23.22 (.914) 
22 45 (884) 
23.37 (.920) 
15.75 (620) 18 
64.39(2.535) Bec 
15,75 (,620) a a 
15.24 (.600) 0.311.072) 
0.20 (.008) 
xl 0.53 (.021) 1.78 1.070) 3.05 (120) 
0-38 (.015) 0.76 (.030) 5037 080) 
4.45 (.175): 
CONSTRUCTION NOTES: 10b, 11b, 12b 3.18 (.125) 
NOTE: 


1. if solder dipped terminals used, terminal dimension tolerances may be increased by .001. 
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PLASTIC: Dual-in-line 


NLA 20 — N22 


-LEAD NO. 1 


p-——~ LEAD NO. 1 


ree 1G 8.94 (.352) 
| 8.45 (.345) 
6.40 (.252) 
6 22 (.245) 
ae 28.07 (1.105) 0.89 (.035) 
S | F781 095) O38 T075)| 10.41 1.410) __ | 2.16 (.085) 
26.92 (1.060) 3.68 (.145) 9.91 (.390) | 1.88 (.074) 
—___269218.060) ‘ 7.87 4.319) 2.16 (.085) 
26.54 (1.045) 0.89 (.035) 2.92 (115) nan: anneal 
038.018) 7  7.37(290)  }7 401.085) nore 
aca 0.38 (.015) ct. 
l FS zs 0.25 (.010) 
om B | \___ 
nae. a 1.32 (.052) be 
oni ee RASS! SAIS 7 0a) IL — 10.16 ( 400) 
| ae a i 0.251.010) i 3.06 (.120) i 
Vv Vb a eaten eee atl 152 (060) 3.94 ( 155) 
1.32 (.052) _| i | ba 03 ¢.395) 0531021) F75T090) 1021040) 368( 145) 
1120. val) ~ [3] sae! poze 62 (300) 0.38 (015) ; 
3.43 |. 1135) 
0. $31.0 — 2.79 (.110) 2.03 (.080) F051 120) 2 
0.38(.015) 2.29 (.090) 1.78 (.070) 
a 1 a EAD NY 1 
| 
14.10 (.555) 
13.84 (545) 
eos am 
: ry 88 (1.255) pig ee 15.49 1.610 9 
is Sr acters al OST GORD) et CONN. 4 V2) LOTR Etats A OBA S88 oc 2 wg loea nO 
37.50 (1.240) a geRLELIES 14.99(.590) "| 1.65 ( 065) 3578.1 440) | ee eee 
vie : ¢ 14.99. 596. 1165. 065 
| c ce 1a ) a 
\ A is eee Se 0.38 (.015} 2s cs sees 
c UU V | Ha | (Ge ee 0.25 (.010) ieee — 
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13.84 (.545) 
13.58 (.535) 


OPTIONAL CONFIGURATION 
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NON 0.4 (.016) 
CUMULATIVE 


N 14, N 48, N 50,N 64 For current information contact local sales offices. 
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For products with prefixes: MAB, MAF, MEA, OM, PCD, 


PCF, SAA, TEA 

16-lead dual in line; plastic (SOT-38) ....... 0... cee eee eee 1257 
8-lead dual in-line; plastic (SOT-97AE,DE,EE)...............005. 1258 
24-lead dual in-line; plastic (SOT-101A, B, F,G,L).............05. 1259 
18-lead dual in-line; plastic (SOT-102HE, HG, KE, ME,PG).......... 1260 
28-lead dual in-line; plastic (SOT-117) ....... 0... ccc eee ee eee 1261 
40-lead dual in-line; plastic (SOT-129) ..... 2... cc eee ees 1262 
28-lead dual in-line; ceramic (cerdip) (SOT-135A) 1263 
28-lead mini pack; plastic (SO-28; SOT-136A) ......... 000 e eee 1264 
20-lead dual in-line; plastic (SOT-146) .... 0.0... ce ee ee 1265 
8-lead dual in-line; ceramic (cerdip) (SOT-151A) ........... 008 e ees 1266 
40-lead mini-pack; plastic (VSO-40; SOT-158A) ........... 000 ee eee 1267 
16-lead mini-pack; plastic (SO-16L; SOT162A)......... 00.00 e eee 1268 
20-lead mini-pack; plastic (SO-20: SOT-163A)..........000 cee e ene 1269 
8-lead mini-pack: plastic (SO-8L; SOT-176) .........00 cece ee eee 1270 
44-lead plastic leaded chip-carrier (PLCC); (SOT-187A) ............. 1271 
68-lead plastic leaded chip-carrier (PLCC); (SOT-188A) ............ -. 1272 
56-lead mini-pack; plastic (VSO-56; SOT-215) 1.0... . ce ee 1273 
40-lead dual in-line piggy back; plastic (SOT-215)...........20000ee 1274 
144-pin grid array (PGA)... 0... cc ce ec ce ee tenes 1275 
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16-LEAD DUAL IN-LINE; PLASTIC (SOT-38) 


seating plane 


Dimensions in mm 


22 max 


top view 


PACKAGE 
OUTLINES 


8,3 7255041.8 


an Positional accuracy. 


Gy 
(1) 


(2) 


Maximum Material Condition. 


Centre-lines of all leads are 

within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


| 
| December 1982 1257 | 


PACKAGE 
OUTLINES 


8-LEAD DUAL IN-LINE; PLASTIC (SOT-97AE, DE, EE) 


10 max 


F 8,25 max ——> 


seating plane 
___ 


8,3 7Z73585.5 


3) 


1,12 max! 1,73 max 


oS Positional accuracy. 


(mM) Maximum Material Condition. 


top view (1) Centre-lines of all leads are 
within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


(2) Lead spacing tolerances apply 
from seating plane to the line 


; ; indicated. 
Dimensions in mm 


(3) Only for devices with 
asymmetrical end-leads. 
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PACKAGE 
OUTLINES 


‘24-LEAD DUAL IN-LINE; PLASTIC (SOT-101A,B,F,G,L) 


—__ 32 max - 


seating plane 


, ie 
3,4 a 
2 [0,254 (My |1) 
2 


top view 


‘oS Positional accuracy. 


Maximum Material Condition. 
side view 


(1) Centre-lines of all leads are 
within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


(2) Lead spacing tolerances apply 
7273670.5 from seating plane to the line 
indicated. 


(3) Index may be horizontal as shown, 
or vertical. 


Dimensions in mm 
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PACKAGE 
OUTLINES 


18-LEAD DUAL IN-LINE; PLASTIC (SOT-102HE, HG, KE, ME, PG) 


— 22max 
A 
Cc : 
: Sonne 
= ae 
oO ——) as —— — ny 
J 
OP Ne ed Peed dhe a 
7 
; 7 7 ; ; _{nin 
4 i eae 3 eee oe 4am 
3,9 0.53 
Ai ect «(S20 wy” 
¥ wis > <{6] 0,254 @ 
get in ale le ala ole 
’ Saar ees OMENS Sere a | Oe Ome 


top view 


+ 8,25 max ——> 


side view BP Positional accuracy. 
() ~Maximum Material Condition. 


(1) Centre-lines of all leads are 
within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


(2) Lead spacing tolerances apply 
from seating plane to the line 
cer indicated. 


Dimensioris in mm 
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PACKAGE 
OUTLINES 


28-LEAD DUAL IN-LINE; PLASTIC (SOT-117) 


36 max 


51 
max 
Yo54 


i (coe Ik ae i ae 40,76 


0,53 
a 
Me [fo lo25e @ 


seating plane 


top view 


15,8 max ————___> 


<¢_———— 


ga, nek ee 


QP Positional accuracy. 


side view 


(VW) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within +0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


7Z273669.2 


(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


(3) Index may be horizontal as shown, 


Dimensions in mm or vertical. 
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seating plane 
<<. 


38 


36 3433 


<+——_____—_———- 15,8 max. ——_______—__» 


side view 


|| 15.26] ————+ | 


17,15 
15,90 


er eS a 


' r ' 
>! [250] |e 


32 30.29 25 


14 16 


QD Positional accuracy. 
(VM) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within 40,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


24 


‘i 
reat aD 


sel 17 La 
ma 


23 


(2) 


(3) 


19 


top view 


Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


Index may be horizontal as shown, 
or vertical. 


Dimensions in mm - 


(6Z1-LOS) OILSV1d ‘JNIT-NI IWAG GV31-0r 


Ov 
c.YP 
340 
5S 
mo 
mm 


PACKAGE 
OUTLINES 


28-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-135A) 


38,1 max 7 
ee eo eo ees eens oe ee eo ee eee sd 
ss 
Lain 
ml 
26x 
¥ 


seating plane 
<< 


2,54 | >| 


max | 5a) | 54 


1,7 max 


28 27 26 25 24 23 22 21 20 13 18 17 16 15 


+ 


? 


top view 


+ 15,9 max ——________» @ Positional accuracy. 


side view (v) Maximum Material Condition. 


(1) Centre-lines of all leads are 
within £0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


= legs 2 tee [15,24] Sos 72786982 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


Dimensions in mm 
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PACKAGE 
OUTLINES | 


28-LEAD MINI-PACK; PLASTIC (SO-28; SOT-136A) 


10,0 1278694.7 


Dimensions in mm 


26 27 ce Positional accuracy. 


(M) Maximum Material Condition. 
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PACKAGE 
OUTLINES 


20-LEAD DUAL IN-LINE; PLASTIC (SOT-146; 146C1) 


27 max 
c 7" 
o 
a 
oOo 
& 4,7 
= y max 
a to51 —_ {in| 
min 
7 0, {ans 
I iI + 
ma 
[real i. 
2 een 
max 
1,73 max 
top view 


+ 8,25 max ——> 


side view 3 Positional accuracy. 


() Maxtmum Material Condition. 


(1) Centre-lines of all leads are 
within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


|<—— [7,62] ——+ 

10,03 (2) Lead spacing tolerances apply 

; re from seating plane to the line 
indicated. 


<——______ 


Dimensions in mm 
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PACKAGE 
OUTLINES 


8-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-151A) 


seating plane 


Dimensions in mm 


October 1986 


1266 


10,4 max 


top view 


? 7Z83900.2 


ap Positional accuracy. 


(M) Maximum Material Condition. 


(1) 


(2) 


Centre-lines of all leads are 

within 0,127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
+0,254 mm. 


Lead spacing tolerances apply 
from seating plane to the line 
indicated. 


PACKAGE 
OUTLINES 


40-LEAD MINI-PACK; PLASTIC (VSO-40; SOT-158A) 


15,5 me 
‘uuNN | og a 
; 42» 
" a 0.30 
0, 4 

— —— 12,3 max ————> 
7285296.6 

top view 


Dimensions in mm 


Bp Positional accuracy. 


(VM) Maximum Material Condition. 
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PACKAGE 
OUTLINES 


16-LEAD MINI-PACK; PLASTIC (SO-16L; SOT-162A) 


°’ > = . ek 
0,76 max ioe 1005 = 
> 2 
—» 1,27 < 10,0 7283 896.2 
LAR AAA AE 
Te 9 6 5S 4 3 9D 4 Tl top view 
| | ; Dimensions in mm 
cierto ee Bh aS se 2,0 
| C— hae € Positional accuracy. 
ij 


(mM) Maximum Material Condition. 
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PACKAGE 
OUTLINES 


20-LEAD MINI-PACK; PLASTIC (SO-20; SOT-163A) 


7283897.2 


Dimensions in mm 


> Positional accuracy. 


(M) Maximum Material Condition. 
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PACKAGE 
Saal gua 


8-LEAD MINI-PACK; PLASTIC (SO-8L; SOT-176) 


(e705 axa fo BO Maka 
| 1,0 2,44 
min| ’ 

rm _ “ti 


| oe 
ie . Sa hee 72Z90349.1 


top view 


Dimensions in mm 


DB Positional accuracy. 


(V¥) Maximum Material Condition. 


——— 8.0 max ———» 
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index corner 


016,66 max ———> 


1,65 0S | 7Z95315.3 


Dimensions in mm 


9861 4aquianon 


@ Positional accuracy. 


VZ8I-LOS (D01d) YAINYVO-dIHO GAGV31 OILSV1d GV31-rP 


(VM) Maximum Material Condition. 
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| pin 1 index 


23,6 
22,6 


| isieuaieeitisietaaieamaar 
i] 
Walwal 0 wlawslavsit 


gig LaLa Gp 


osc |. BERD 
0,33 


27 43 


O 24,28max —————_> 
SSS 25,3 max 
72Z93054.2 


seating plane 


Dimensions in mm 


V88I-LOS (901d) YSIYHYVO-dIHO GA0V4A1 DILSV1d GV31-89 


@ Positional accuracy. 


(Vv) Maximum Material Condition. 


PACKAGE 
OUTLINES 


56-LEAD MINI-PACK; PLASTIC (VSO-56; SOT-190) 


12,5 max 


top view 


Dimensions in mm 


@ Positional accuracy. 


(M) Maximum Material Condition. 
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40-LEAD DUAL IN-LINE PIGGY BACK; PLASTIC (SOT-215) 


7p) 
oy WW 
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a oO 
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PACKAGE 
OUTLINES 


YAYC aearmEELSERUCEINSA Bon OIA COPND. YAP ERSTE TRAST NOON MPRA ETN KAITAIA Hentetae 


144-PIN GRID ARRAY (PGA) 


seating plane banal 


a —(1402+04 OT 
~«-(712+40.2—-> 
<«-— [17 19,51 max ———-» 

——- 35,56 + 0,3 —-----—-- > 

DAG: OO 10? 10.6) -O) OGG? Go: OS 1G 
0C0000000 000000 06 iP 

60-6 6 O O26) 0°66. 6. & ON 
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000 000 H bottom view 
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SO. 6-266: O'. O 6.06 6: 0. °O 6 6: VK 

12 3 4 5 6 7 8 9 10 1112 13 14 15 7Z98364.1 
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Soldering 


Plastic dual in-line (DIL) packages. ........0... 0.00 cece ween eu euas 1279 
Plastic mini-pack (SO) packages .......... 0.00 cc cece eceueeucacs 1279 
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SOLDERING 


Plastic dual in-line (DIL) packages 


1. By hand 
Apply the soldering iron below the seating plane (or not more than 2 mm above it). 


If its temperature is below 300 °C it must not be in contact for more than 10 seconds; if between 
300 °C and 400 °C, for not more than 5 seconds. 


2. By dip or wave 
The maximum permissible temperature of the solder is 260 °C; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 
The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis- 
sible limit. 


3. Repairing soldered joints 


The same precautions and limits apply as in (1) above. 


Plastic mini-pack (SO) packages 


1. By hand-held soldering iron or pulse-heated solder tool 


Apply the heating tool to the flat part of the lead only. Contact time must be limited to 10 seconds 
at up to 300 °C. When using proper tools, all leads can be soldered in one operation within 2 to 5 
seconds at between 270 and 320 OC. (Pulse-heated soldering is not recommended for SO packages). 


For pulse-heated solder tool (resistance) soldering of VSO packages, solder is applied to substrate 
by dipping or by an extra thick tin/lead plating before package placement. 


2. By wave 
Maximum permissible solder temperature is 260 9C, and maximum duration of package immersion 
in solder bath is 10 seconds, if allowed to cool to less than 150 °C within 6 seconds. Typical dwell 
time is 4 seconds at 250 °C. 
A modified wave soldering technique is recommended, using two solder waves (dual-wave); a first 
turbulent wave with high upward pressure is followed by a smooth, laminar wave. A mildly activated 
flux will eliminate the need for removal of corrosive residues in most applications. 


3. By solder paste reflow 


Reflow soldering requires the solder paste (a suspension of fine solder particles, flux and binding 
agent) to be applied to the substrate by screen printing or pressure-syringe dispensing before device 
placement. | 

Several techniques exist for reflowing, for example, thermal conduction by heated belt, infrared, 
and vapour-phase reflow. Dwell times vary between 8 and 60 seconds according to method. Typical 
reflow temperatures range from 215 to 250 OC. 


Pre-heating is necessary to dry paste and evaporate binding agent, and to reduce thermal shock on 
entry to reflow zone. 


4. Repairing soldered joints 


The same precautions and limits apply as in (1) above. 


October 1986 1279 


Argentina: PHILIPS ARGENTINA S.A., Div. Elcoma, Vedia 3892, 1430 BUENOS AIRES, Tel. (01) 541 - 7141 to 7747. 
Australia: PHILIPS INDUSTRIES LTD., Elcoma Division, 11 Waltham Street, ARTARMON, N.S.W. 2064, Tel. (02) 439 3322. 
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Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Elcoma Div., Setiabudi II Building, 6th Fl., Jalan H.R. Rasuna Said (P.O. Box 223/KBY) Kuningan, 
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Portugal: PHILIPS PORTUGUESA S.A.R.L., Av. Eng. Duarte Pacheco 6, 1009 LISBOA Codex, Tel. (019) 6831 21. 
Singapore: PHILIPS PROJECT DEV. (Singapore) PTE LTD., Elcoma Div., Lorong 1, Toa Payoh, SINGAPORE 1231, Tel. 3502000. 
South Africa: S.A. PHILIPS (Pty) LTD., EDAC Div., 3rd Floor Rainer House, Upper Railway Rd. & Ove St., New Doornfontein, JOHANNESBURG 2001, 
Tel. (011) 402-4600/07. 
Spain: MINIWATT S.A., Balmes 22, BARCELONA 7, Tel. (03) 301 63 12. 
Sweden: PHILIPS KOMPONENTER A.B., Lidingévagen 50, S-11584 STOCKHOLM 27, Tel. (08) 7821000. 
Switzerland: PHILIPS A.G., Elcoma Dept., Allmendstrasse 140-142, CH-8027 ZURICH, Tel. (01) 48822 11. 
Taiwan: PHILIPS TAIWAN LTD., 150 Tun Hua North Road, P.O. Box 22978, TAIPEI, Taiwan, Tel. (02) 7120500. 
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Turkey: TURK PHILIPS TICARETA.S., Elcoma Department, Inénii Cad., No. 78-80, 80090 Ayazpasa ISTANBUL, Tel. (01) 14359 10. 
United Kingdom: MULLARD LTD., Mullard House, Torrington Place, LONDON WC1E 7HD, Tel. (01) 5806633. 
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